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Prefabrication 


COMES OF AGE: 





@ Prestressing greatly widens the range of con- 
crete prefabrication, making possible lighter 
members and longer spans for buildings and 
bridges, with substantial savings in concrete and 
reinforcing steel. Prestressing is really pre- 
testing, because members are iaitened to greater 
loads in fabrication than they take in the field. 


Factory-made, prestressed deck girders, 218 in number, up to 63 ft. in length, 
for 8 bridges on New Jersey’s Garden State Parkway, highlight this trend. Designed 
by GANNETT FLEMING CORDDRY & CARPENTER, INC., Harrisburg, Pa. 
and manufactured by FORMIGLI ARCHITECTURAL STONE CO., Williamstown 
Junction, N. J., every member is field practical, for fast erection with minimum 
supervision, 


Assembly-line methods speeded production in 320’-long pretensioning bench, 
where 5 girders were cast at a time and steam cured. ‘Incor’* 24-Hour Cement 
produced 4000 psi stripping strength in 18 hours, assuring maximum output at 
minimum cost, with high ultimate strength and durability, hallmarks of America’s 
FIRST high early strength portland cement. 

*Reg. U. S. Pat. Off. 
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Da ACI Journal neat month 


“Model Analysis of a Skewed Rigid Frame Bridge and Slab,” by D. H 
Prerrs and 1D. Freperick, presents results of an experimental analysis of 
a small aluminum model of a skewed-slab rigid-frame bridge A mode! 
theory is also checked using reinforced concrete as the model material by 
testing three sizes of geometrically similar simple beams and a model of a 
skewed slab with curbs. The slab is a Y¢-scale model similar to a !o-seale 
model tested previously at the University of Illinois fesults indicate that 
small reinforced conerete models do behave just as their prototypes up to 
ultimate load, and it now seems possible to test models of entire structures 


rather than just their component parts as has been the practice in the past 


Geonce L. KALousEK presents a brief resumé of some studies on the problem of shrink 
age and attendant cracking of concrete masonry in his paper “Fundamental Factors in the 
Drying Shrinkage of Concrete Block.” New data are presented and interpretations of different 


observations on the drying shrinkage phe nomenom are advanced 


Gordon W. Greene discusses the Schmidt concrete test hammer in his 
paper “Test Hammer Provides New Method of Ivaluating Hardened Con- 
crete.” The test hammer provides a convenient method of determining 
the strength of nearly any concrete mass that has a smooth, flat surface 
The test is nondestructive. In this paper results of tests made with the 


instrument are compared with results of cCOMpression and flexure tests 


‘TL Itimate Loud Theor ind Tests of ¢ viindric il Long Shell Roofs "hb ' ICRNST 
R. Ro Marcerre, and G. V. Bere, an ultimate load theory tor thin shell roofs, developed 
independently by A. L. L. Baker and WK. W. Johansen, is presented with modifications a 
applicable to the design of long, simply-supported, cylindrical shells. The basis of analysi 
is similar to a rupture theory by HL. Lundgren In addition to design equations for long 
evlindrical shells, results from exploratory tests are prese nted in confirmation of the theor 


The theor inal equations are intended to supple ment, not supplant, existing elastic theor 


“Accidental Air in Conerete,” by M. F. MacNavueuron and Joun B 
Hernien deals with instances where accidental air in conerete was found 
to be present in amounts far beyond those normally encountered in plain mix- 
tures. In connection with one specific instance they outline the investigation 
of the problem and the measures adopted to control vagrant and final air 
content in the concrete mixtures on the work within reasonable and normally 
acceptable limits 


Apparatus and methods for measuring the permeability of portland cement pastes 
described in “Permeability of Portland Cement Paste,” by T. C. Powers, L. bk. Corrs 
J.C. Hayes, and H. M. Mann. Test results are given showing the effects of curing, cemen 
content, cement composition, and cement fineness Also, data on some natural stones 


compared with data on hardened pastes 
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SYNOPSIS 


With the aim of providing a perspective of the field of admixtures for the 


engineer confronted with a need of modifying concrete to meet sper ial require 
ments of a given job, admixtures are classified into Ll groups. The 11 groups 
are: (1) accelerators, (2) retarders, (3 


) wir-entraming agents, (4) gas-forming 


agents, (5) cementitious materials, (6) pozzolans, (7) alkali-aggregate ey 


pansion inhibitors, (8) dampproofing ind permeabslits reducing agents, 


(9) workability agents, (10) grouting agents, and (11) miscellaneous.  Diseus 


sions are given of the factors which might indicate the usefulness of admix 


tures of each group ind of the important effects vhich ma ordinaril ln) Xs 


pected from the use of materials of each group 


INTRODUCTION 


This report is an expansion and continuation of Committee 212's November 
1944, report! and aims to summarize present knowledge of the advantages 


and limitations of admixtures It is recognized that the classification of 


admixtures is difficult due to the fact that there are many varieties and 


types ol admixtures and also that some admixtures produce more than one 
effect Phe committee has decided that the classification used in its original 
1944 report is the most logical one and it is followed with few minor changes 
in the present report 

The committee endorses the statement of P. Hl. Bates? that “the use of 


admixtures should not be frowned upon or scorned. On the contrary, thei 


development and study should be highly commended and fostered Krom a 


historical standpoint certain materials now used as admixtures preceded the 


use of portland cement by several thousand years. On the other hand, other 


admixtures are of recent usage and are appearing on the market in ever-increas 


ing number as in the case of certain surface active agents used for the pour 


pose of entraining air or accomplishing other effects 


*Received | the Institute Feb. 1 1054 . 
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An admixture is defined in ASTM Designation C125 as: ‘A material 
other than water, aggregates, and portland cement (including air-entraining 
portland cement and portland blast-furnace slag cement) that is used as an 
ingredient of concrete and is added to the batch immediately before or during 
its mixing.” 

Usually an admixture is used to modify the properties of the concrete in 
such a way as to make it more suitable for the work at hand. Under certain 
conditions, use of a suitable admixture may impart desirable characteristics 
which cannot be secured as economically by other methods. 

Some of the more important modifications of properties of concrete which 
have been the objective of the use of admixtures are: 

(a) Improvement of workability 

(b) Acceleration of the rate of strength development at early ages 

(c) Retardation of initial stiffening or too rapid set 

(d) Retardation or reduction of heat evolution 

(e) Reduction in bleeding 

(f) Increase in durability or in the resistance to special conditions of 

exposure 


(g) Control of alkali-aggregate expansion 


(h) Decrease in capillary flow of water 


(i) Decrease in the permeability to liquids 
(j) Production of cellular concrete 
In grout mixtures, the improvement of penetration and pumpability 
and the reduction of segregation 
Prevention of settlement or creation of slight expansion in concrete 
and mortar used for filling blockouts or other openings in concrete 
structures, and in grout for seating machinery, columns, and girders 
(m) Increase in bond to steel reinforcement 
In considering the effects of admixtures in concrete it is pointed out that: 
(a) at times a change in type of cement or amount of cement used, or a modi- 
fication of aggregate grading or mix proportions may offer the surest and most 
economical approach to the objectives desired; (b) many admixtures affect 
more than one property of concrete, sometimes affecting desirable properties 
adversely; (c) the effects of some admixtures are significantly modified by 
such factors as wetness and richness of mix, by aggregate grading, and by 
character and length of mixing; (d) the specific effects of some admixtures 
vary with the type and with the brand of cement used; and (e) accordingly, 
specific effects which will result from the use of an admixture can seldom be 
predicted accurately. 


ECONOMIC ASPECTS OF THE USE OF ADMIXTURES 


Use of an admixture may increase the cost of the concrete. Therefore, 
even though a given admixture may produce a desirable effect, the value 
of that effect should be weighed against its cost. Moreover, the effect of a 
given admixture can often be obtained, at least in some degree, by other 
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means or by other admixtures. Hence, whenever possible, the cost of an 
admixture should be compared with that of alternative materials or methods 
for getting the desired result. Conversely, the economic gains possible through 
decreased costs by the use of admixtures must also be considered 

In evaluating an admixture, its effect on the volume of a given batch 
should be noted. If adding the admixture changes the volume, as is often 
the case, the change in the properties of the concrete will be due not only 
to direct effects of the admixture but also to the changes in the amounts 
(per cubie yard of concrete) of the original ingredients. If the admixture 
increases the volume of the batch, the admixture must be regarded as 
effecting a displacement either of part of the original mixture or of the original 


ingredients—cement, aggregate, or water. All such changes in the compo- 


sition of a unit volume of concrete must be taken into account when testing 
the direct effect of the admixture itself, and in estimating the cost of the 
admixture. 

Other items entering into the evaluation are the cost of handling an extra 
ingredient, and any effect the use of the admixture may have on the cost of 
transporting, placing, and finishing the concrete 

Usually the evaluation of any given material should be based on the results 
obtained with the particular concrete in question. This is highly desirable 
since the results obtained are influenced to an important degree by the 
characteristics of the cement and aggregate and their relative proportions 


CLASSIFICATION OF ADMIXTURES 


A division of the admixture field into Ll groups, according to type of 
materials constituting the admixtures, or to the characteristic effeets of their 
use, is presented along with brief statements of the general purposes and 
expected effects of the use of materials of each group. The wide seope of the 
admixture field, the continuous entrance of new or modified materials into 
this field, and the variations of specific effects with different concreting 
materials and conditions, precludes a detailed listing of commercial admixtures 
and their effects on concrete. The groups are as follows: 

(1) Accelerators 

(2) Retarders 

(3) Air-entraining agents 

(4) Cas-forming agents 

(5) Cementitious materials 

(6) Pozzolans 

(7) Alkali-aggregate expansion inhibitors 

(8) Dampproofing and permeability reducing agents 

(9) Workability agents 

(10) Grouting agents 

(11) Miscellaneous 


Commercial admixtures may contain materials of two or more of the above 
group. For example, a workability agent which has a retarding action may 
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be combined with an accelerator to compensate for the retarding action. 
Those types of admixtures possessing properties identifiable with more than 
one class are considered in the discussion following as belonging to the class 


that describes the most prominent or important effect on the concrete. 


ACCELERATORS 

General 

Accelerators may be added to concrete to increase the rate of early 
strength development in concrete to: (a) permit earlier removal of forms; 
(b) in certain types of work, reduce the required period for curing; (¢) advance 
the time when a structure can be placed in service; (d) with proper  pro- 
tection, partially compensate for the retarding effect of low temperatures 
during cold weather concreting; and (e) reduce the period of protection 
required for initial and final set in emergency repair and other work. In 
many cases, the engineer must decide between (a) using an admixture; (b) 
increasing the cement content; (c) using high early strength cement; (d) 
providing greater protection or longer curing; or (e) any combination of these 
alternatives 

Chemical materials which accelerate the normal reactions between port- 
land cement and water include calcium chloride’ (the most commonly 
used accelerator), some of the soluble carbonates, silicates and fluosilicates, 
aluminous cements, and some organic compounds such as triethanolamine. 

Accelerators such as the fluosilicates and triethanolamine are compara- 
tively expensive. The accelerating effect of triethanolamine can be pro- 


nounced —0.2 


percent added to some cements can produce a flash set. 
General recommendations on the use of accelerators other than calcium 
chloride cannot be given because present information about other types is 
inadequate. In general, other types should be used only on the basis of 
competent technical advice, adequate preliminary tests, or satisfactory 
experience with the material in question. With some accelerators, small 
changes in the amount added can cause large differences in their effect 
Some are capable of reducing the period during which the concrete remains 
plastic to less than 10 min. Such acceleration may lower the ultimate 
strength markedly, however, and is used only for emergency patching or 
stopping of leaks. 

\luminous cements are greatly accelerated by the addition of small amounts 
of portland cement. In this case portland cement is, for all intent and pur- 
pose, being used as an admixture with aluminous cement. Since the acceler- 
ating effect is partly due to the lime in the portland cement, the amount 
of portland cement required to produce a certain time of set is dependent 
upon the particular cement used. The combination normally recommended 
for field use is about 70 percent aluminous cement and 30 percent portland 
cement. With particular cements, 60 percent aluminous cement may pro- 


duce a flash set in less than 10 min. while 70 percent aluminous cement may 


produce a final set between 2 and 3 hr. It has also been claimed that the 
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setting time of portland cement may be accelerated, through varying degrees, 
by the use of minor amounts of aluminous cement (5 to 20 percent).® 


Calcium chloride 


Commercial chloride** (commercial flake calcium chloride which contains 
77-80 percent CaCl, or pellet calcium chloride containing 90-95 percent CaCl.) 
generally can be used safely in amounts up to 2 and not more than 3 percent 


by weight of the portland cement. Laboratory tests have indicated that the 
increase in strength resulting from the use of 2 percent of calcium chloride 
may range from 400 to 1000 psi at | through 7 days for 70 F curing 
Numerous tests at 40 F indicate that, although the strengths developed 
through 7 days are lower, the increase in strengths obtained with 2 percent 
calcium chloride are of the same order as those obtained at 70 F. The 
increase in strength usually reaches its maximum in | to 3 days and thereafter 
generally decreases. At | year, some increase still continues in conecretes 
made with most cements. The specifie effect of the use of caleium chloride 
varies, however, for different brands of cement, as indicated by the range 
of strength increases cited above for the early ages 

Minor effects resulting from the use of calcium chloride include a small 
increase in the workability of the fresh concrete, an early commencement 
of the initial stiffening with some cements, and accordingly, a reduction in 
bleeding and probable increase in the drying shrinkage of the hardened 
concrete. Data are conflicting on the effect of calcium chloride on drying 
shrinkage. However, the shrinkage is generally increased when calcium 
chloride is used. Differences obtained by various investigators may be due 
to differences in curing procedure. The rate of heat evolution is increased 
materially at early ages, and consequently, where temperature differentials 
within the concrete are important factors, the effect of this property of ac- 
celerators should be taken into consideration before they are used. The 
total heat liberated is not appreciably changed \lso, the use of accelerators 
in warm concretes, such as may be obtained in hot weather concreting, may 
result in such rapid stiffening as to impede placement or finishing 

Calcium chloride may be especially beneficial for concrete exposed to low 
or freezing temperatures at early ages. It increases the rate of early heat 
development, accelerates the set, but lowers the freezing point of the con- 
crete only slightly. ‘It generally increases expansion under moist curing; 
it generally increases shrinkage but decreases moisture loss under drying 
conditions. It increases the expansion caused by the alkali-aggregate reaction 
but when the latter is effectively controlled by the use of both low-alkali 
cement and pozzolan, the effect of calcium chloride appears to be unimportant 
It also lowers the resistance of concrete to sulfate attack. Freezing and thaw- 
ing durability is increased at early ages by calcium chloride, but is somewhat 
reduced at later ages. Calcium chloride does not cause corrosion of embedded 
steel. It significantly increases the resistance of concrete to erosive and 
abrasive action 


ACL Committee 617, in the ACI Standard “Specifications for Concrete 
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Pavements and Bases (ACI 617-51),” states: “Calcium chloride may be 
added either dry or in solution. When used in solution, it is convenient to 
so proportion the solution that | quart contains | lb of calcium chloride.” 
The use of calcium chloride in solution is preferable where excellent inspection 
control is maintained. Where the solution is used, care must be taken to 
insure proper mixing. Calcium chloride should be added to water and not 
water to calcium chloride since a coating may form which is difficult to dis- 
solve. Checks should be made on the specific gravity of the solutions to be 
certain that proper strength of solution is being maintained. 

Where calcium chloride is to be used dry, it may be measured by volume 
or by weight. In using the dry material, care must be taken to insure that 
the material is not caked due to poor storage conditions. Storage conditions 
required for portland cement are adequate for the storage of calcium chloride. 
The use of calcium chloride in the dry form is not advised. However, it has 
been successfully employed by screening the material through a 4%4-in. sieve 
prior to use to preclude lumps since undissolved lumps may result in excessive 
concentrations of calcium chloroaluminate with resultant pop-outs. When 
placed in the skip, calcium chloride should not be placed directly in contact 
with cement, but put in with the aggregate 
Use of accelerators in concrete products 

Calcium chloride, as well as other materials which accelerate hardening 
and promote early strength development of concrete, may prove advantageous 
in the manufacture of a variety of concrete products. Early attainment of 
strength in a building block, for example, reduces the curing period, com- 
pensates in part for slow hardening in cold weather, and decreases the time 
required to produce a fully vatured block. Similar advantages may be 
obtained in the manufacture of other concrete products. During warm 
weather, accelerators should be used judiciously so as not to produce too 
rapid «a set. Many plants employ only high temperature curing during 
summer months, and a combination of high temperature curing with an 
integral accelerator during the winter months 


RETARDERS 

General 

The principal uses in concrete of admixtures having a retarding effect® 
on the set of cement are to overcome the accelerating effect of temperature 
during hot weather concreting operations, to remove the tendency of some 
cements to exhibit false set, and to delay the early stiffening action of con- 
crete for difficult conditions of placing. In addition, solutions are sometimes 
applied to forms to inhibit the set of a surface layer of mortar so that it can 
be readily removed by brushing, thus exposing the aggregate and producing 
unusual surface texture effects. There are several commercial formulations 
on the market for this purpose 


Retarders are especially useful in cement grout slurries, particularly where 


it may be necessary to redrill grout holes, for grouting over a prolonged 
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period of time, in cases where the grout must be pumped for a considerable 
distance, and where hot water flows are encountered. These materials are 
organic and include the commercial products RDA, Ray lig binder, and 
SRDA. Slurries used in cementing oil wells must remain fluid for periods 
of one or more hours at temperatures up to 400 F and pressures up to 18,000 
psi. Often this condition is met through the use of admixtures which will 
retard the setting of the cement. A considerable number of materials have 
been found useful for this purpose and usually fall within the following classes: 
(1) starches or cellulose products, (2) sugars, and (3) acids or salts of acids 
containing one or more hydroxyl group. 

A wide variety of chemicals are mentioned in current literature as having 
a retarding influence on the normal setting time of portland cement. Some 
of these have been found variable in action, retarding the set of certain 
cements and accelerating the set of others. Some chemicals act as retarders 
or inhibitors when used in certain quantities, and accelerators when used in 
other amounts. ‘The effects of most of these materials on the other proper- 
ties of concrete and mortar are not well known, although, in general, some 
reduction in early strength accompanies the use of organic retarders 

Unless experience has been had with a retarder, its use as an admixture 
should not be attempted without technical advice or preferably advance 
experiment with the cement and other conereting materials involved, to 
determine the extent of its effects on the setting time and other properties 
of the concrete. The more commonly known retarders used as admixtures, 
such as carbohydrate derivatives and calcium lignosulfonate, are employed 


in only small fractions of a percent (0.2 or less) by weight of the cement. 


Application of retarders in false set 


In view of the importance of minimizing or controlling false set in cement, 
it is desirable to discuss the use of admixtures for this purpose in some detail 
It is generally agreed that any appreciable, sudden, or abnormal stiffening 
far in advance of the time of the initial set, is a false set. This phenomenon, 
which occurs sporadically, has been known by several other names, such as 
gum set, plaster set, rubber set, hesitation set, and premature stiffening 
It can frequently be overcome by continued mixing or by reworking the 
paste, mortar, or concrete after completion of mixing. Early methods for the 
quantitative evaluation of false set employed the slump cone, the test being 
made at frequent intervals following completion of mixing of the concrete 
At the present time this property is usually measured on cement pastes by 
using the Vicat apparatus.’ 


The causes of false set*® are generally related to the process of manufacture 


of the cement or conditions to which the cement may be subjected prior to 


delivery, and for this reason the correction of false set should be carried out 
at the point of inception of the cause. It is generally agreed that the basic 
cause of false set is the reduction in the effective content of gypsum or of 
sulfuric anhydride in proper form, available to act as retarder. A portion 
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of the gypsum initially added may have been dehydrated to a condition 
rendering that portion ineffective in retarding. 

When false set difficulties are being experienced and it is necessary, due 
to job conditions, to take remedial steps, certain admixtures may be used. 
Probably the simplest and cheapest corrective measure which can be used 
on the job is the addition of an appropriate amount of powdered gypsum, 
generally 1 to 2 percent by weight of cement. The appropriate amount of 
gypsum must be determined on the job and, as previously stated, will vary 
with materials and job conditions. Use of gypsum for the purpose of reducing 
false set is only recommended where adequate inspection and control is 
available because the addition of an excessive amount may cause undesirable 
expansion in the concrete. In addition, wetting agents or combined wetting 
and air-entraining agents are available which, when used in small quantities, 
are sometimes effective in overcoming the false set observed for the cement 
without admixture. Other admixtures which have been successfully used 
(in very small quantities) are mucic acid, calcium acetate, and the com- 
mercial products Ray lig binder, SRDA, and spray dried RDA. However, 
the appropriate admixture, both with respect to type and quantity, will be 
a matter of test for the particular application 

Although indiscriminate use of admixtures to correct false set is not recom- 
mended, the committee recognized the applicability of admixtures where 
economy dictates that remedial measures be employed at the job site. Such 
utilization, however, will require preliminary testing employing the same 
materials and mixes as are to be used on the job, and control tests at frequent 
intervals will be required to insure that the corrective measures remain ade- 
quate, It is the consensus of the committee that, in the interest of economy, 
false set should be corrected before shipment of the cement to the job 


AIR-ENTRAINING AGENTS 


Effects of air entrainment 

During the past 15 years the attitude of the engineering profession toward 
admixtures in general and admixtures for improving durability in particular 
has undergone a marked change. This has been due, to a large extent, to 
the discovery of the benefits of air entrainment.’ '°'' [It was formerly believed 
that the best protection against damage by frost action was to use a dense, 
impermeable mix well placed and thoroughly cured. These basic principles 
still hold. However, it is now known that even when all of these rules are 


followed, resistance to frost action can be still further improved by incorpo- 


rating into the concrete a suitable amount of entrained air. Furthermore, 
it is becoming increasingly evident that this additional protection is needed 
especially in cases where freezing conditions are severe or where (as in the 
case of pavements) common salt or caleium chloride is used for ice removal 
experience in both laboratory and field during the last 15 years has demon- 
strated the superior durability of air-entrained conerete and there should 
be no hesitancy in using it under conditions where severe natural weathering 
is a problem. 





ADMIXTURE 


Air entrainment materially alters the properties of both the plastic and 
the hardened concrete. Air-entrained concrete is considerably more plastic 
and workable than ordinary concrete. It can be handled and placed with 
less segregation and there is less tendency for bleeding and water gain 
These properties indirectly aid in promoting durability by increasing unl 
formity and eliminating planes of weakness at the top of vertical lifts. Hlow 
ever, the major effect is due to a change in the characteristics of the concrete 
brought about by the presence of air bubbles in the paste. At a given au 
content, the protectiveness of the voids is greater the greater the number 
of voids per unit volume of paste. This means that the voids are more 
effective the closer they are together The mechanism of their effect is too 
complex to be discussed here.! 

\ir entrainment, while improving both workability and durability, may 
have an adverse effect upon strength. Within the range of air contents 
normally used, the decrease in strength usually is about proportional to 
the amount of air entrained Ilowever, for most types ol exposed eoncrete 
a slight reduction in strength is more than balanced by the improved resist 
ance to frost action Moreover, the reduction in strength will rarely exceed 
15 percent in the case of compressive strength and 10 percent in the case of 
flexural strength. These figures are for equal cement content and with the 
sand and water content of the air-entrained concrete reduced to the extent 
permitted by the increased workability of this type of mix 

The discussion above refers to the use of moderate amounts of entrained 
air, usually 7 percent by volume or less. In many applications of concrete 
particularly in precast units, much greater quantities of entrained air are 
employed to produce lightweight products with superior thermal insulating 
properties. This application will be mentioned later 
Air-entraining admixtures 

There are now on the market a large number of commercial admixtures 
for which air-entraining properties are claimed and some of these are being 
used extensively Many materials, including the natural wood resins, fats 
various sulfonated compounds, and oils, have the property of entraining al 
in concrete. Some of these materials, as for example the resins, are insoluble 
in water and must be “neutralized”? before they can be used as admixtures 
Soluble salts of the resins are now available commercially so that it is no 
longer necessary to neutralize them in the field 

sefore specifying or permitting the use of an alr-entraining admixture in 
concrete, the user should satisfy himself (1) that the material actually does 


function as an “ir-entraining agent and (2) that none of the essential proper 


ties of the concrete (e¢.g., strength, volume change) are seriously impaired 
The American Society for Testing Materials has developed a tentative 
specification and a method ot testing air-entraining admixtures for concrete 
(ASTM Designations (260 and © 233 


Air-entraining cement 


Air-entrained concrete can also be made by in air-entraiming port 
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land cement. Air-entraining portland cement is portland cement that con- 
tains air-entraining agent which has been interground with it during its manu- 
facture. The American Society for Testing Materials has issued a specification 
(C175) for this type of cement. 
Choice of method 

At present both methods of entraining air are being used extensively and 
as judged by experience records extending over 15 years both are giving 
improved concrete. Some engineers prefer adding the agent at the mixer 
because the amount of agent can be readily changed. Others prefer air- 
entraining cement because of the convenience of using it. 


Moderate air entrainment in concrete products 


Quantitative data in the literature are lacking, but the improved work- 
ability resulting from entrained air has been credited with several advantages 
in the manufacture of conerete block. With any of the usual manufacturing 
methods, the use of air-entrained conerete permits greater compaction 
resulting in denser block. Appearance of the block is improved, edge tear is 
reduced, and the block strip cleanly with sharp edges and corners. Of equal 


importance is the improvement in surface texture which may be obtained 
especially where aggregates deficient in fines have been employed. Block 
containing entrained air also have less absorption and present greater 
resistance to water passage. 

Of prime concern to the block manufacturer is a reduction in breakage of 
green block. In block manufacture, a dry mix must be employed since the 
product is removed from the mold immediately after compaction. Addition 
of an air-entraining agent permits the use of more water, thus giving a water- 
cement ratio closer to the optimum value for maximum strength with the 
given proportions of dry materials. The fresh block have a “rubbery” con- 
sistency which results in fewer cracks and less breakage during handling at 
early ages 

Similarly, satisfactory results are obtained with other concrete products 
In cast stone the plasticizing effect of entrained air reduces bleeding and 
segregation and makes possible more exact reproduction of mold contours. 

Use of air-entrained concrete in fabrication of pipe results in better flow 
of concrete around reinforcing, less tendency to displace reinforcing during 
compacting processes, easier stripping of molds without distortion of the pipe, 
sharper edges, better appearance, and less permeability. 

In some installations of concrete products, such as cribbing and curbing, 
there is considerable exposure to freezing and thawing action. As already 
pointed out the use of adequately prepared and controlled air-entrained con- 
crete is the best guarantee of resistance to this destructive action. 

Use of lightweight aggregates in concrete products is increasing rapidly. 
Lightweight aggregate mixtures are generally harsh, hence use of air en- 
trainment with them is particularly advantageous. In many cases the reduction 
in bleeding and cement segregation resulting from air entrainment is great 





In general, beneficial results may be obtained by the addition of entrained 
air in both lean and rich mixes with any grading or type ol 
cluding those with light weight rhe greatest improvement 


however, in harsh mixtures deficient in fines 


The simplest method ot obtaining entrained air i by the use of an an 


entraining cement. Such a cement might, where necessary, be blended with a 
non-alr-entraining cement to get closer control in the final mixture. For best 
results it is probably desirable to add an air-entraining admixture at the 
concrete mixer, because different amounts are necessary to produce the 
optimum results in various products and methods of making the same 


product telatively large amounts of air-entraining admixture ire on 
for best results in making block while small amounts are preferred 

stone manufacture The packer-head process of pipe manufacture benefits 
from relatively large amounts of air entrainment the adry-tamyp proces 
from small amounts The proper amount in any The ul ise must b 
determined by experiment Care should be reised to avoid excessive 
ur entrainment since the strength of the pr t ‘ grently reduced 


thereby 


Lightweight concrete by air entrainment 

The strength ol lightweight concrete deerense renerall vith decreased 
unit weight while the insulation value increase In the appheation of light 
weight concretes, it is necessary to weigh the ad yes Insulating 
value and reduced weight against the diss { OV { Loud 
bearing walls require higher strengths ther Ost cl t ( ids and 
In certain insulating applications strength 

Unit weights may be reduced by using vy building uni ine y the 
substitution of lightweight for conventional verre if vel ivure 
gates have good insulating properties b 
An alternate method involves th 
for all or part of the aggregate 
foum, or cellular concretes 
and the interest in them in 

Cellular concretes may be divides Ce ge! yroups gus concrete 
and foam conerete; both are produces through t] of admixture Can 
concrete will be discussed in the next section 

Air may be entrained in amounts from 30 60) per vy volume for 
structural concrete and 70-85 percent for insulati y be hipped 
into the mass with rapid agitation and the add tlt Ining agent 
such as sodium lauryl sulfate, alkyl ary lon i SOUP resins 
and other agents Phe quantitie sed f cou eo much greater 
than those employed in the usual 

In another process the foum | ( er f ly using gents of the 
types employed to combat gasoline fires such as hydrolyzed waste protein 
In such an operation the foam is idded to the mixer In piace ol the conventional! 


uggregate 
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The various foam concretes may vary considerably in properties, ranging 
from materials weighing as little as 20 lb per cu ft and containing no mineral 
aggregate, to those weighing 110 lb per cu ft or more and containing con- 
ventional aggregate. The lightest materials may possess just sufficient 
strength to retain their shape in handling and are used primarily for acoustic 
or thermal insulation purposes. Some of the heavier ones may have sufficient 
strength for structural applications as in walls of dwellings. Dilnot'® has 
outlined the advantage of foam concrete as compared to gas concrete from 
the standpoint of control problems and cost. 

When cellular concretes are employed in the manufacture of concrete 
products, the advantages of autoclaving are considerable. A comparison of 
10 Ib per cu ft block made with normal-curing and with similar-weight auto- 


claved block shows the latter having slightly better insulating properties, 


three times the strength, one-quarter the drying shrinkage, and one-half 
the wetting movement.'® 

This reduction of drying shrinkage and wetting movement is quite 
important. The dimensional stability of ordinary concretes which are sub- 
jected to moisture changes is provided by the aggregates, which resist volume 
changes. When conventional aggregates are replaced by foam this stabilizing 
factor is lost and hence any process which will reduce the wetting movement 
is desirable. 

Autoclaved products with unit weights of 35-50 |b per cu ft have been 
reported which had strengths of from 500 to 850 psi, while those of 70-90 
Ib per cu ft had strengths up to 2000 psi. Coefficients of thermal conductivity 
ranged from 0.75 Btu per in. per sq ft per hr per deg F for 30 lb per cu ft 
concrete to 2.3 for that of 90 lb per cu ft. 

The use of autoclaving suggests the addition of a pozzolanic material to 
the mix. Experimental conerete has been prepared using one part of cement 
to two parts of fly ash by absolute volume and with sufficient foam to produce 
50 percent voids. This is a concrete which might be considered principally 
admixture 

Attention may also be directed to the so-called “no-fines” concrete in which 
20 to 30 percent entrained air replaces the sand in a mix using pea gravel 
aus the coarse aggregate.'® This material, suitable for insulating fills and 
dwelling walls, has unit weights ranging from 105 to 118 lb per cu ft and 
compressive strengths from 200 to 1L000_ psi 


GAS-FORMING AGENTS 
Use of gas-forming agents to counteract subsidence and bleeding 
Settlement shrinkage and bleeding in plastic concrete are caused by gravi- 
tational settling of the individual solid particles in a semiliquid mixture. 
The extent of settlement or bleeding is dependent on several factors and, 
when excessive or under certain concreting conditions, may result in un- 
desirable characteristics in hardened concrete or mortar. Accumulation of 
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low quality matrix films, laitance layers, and voids on the underneath side 
of forms, blockout cavities, reinforcing steel, or other embedded parts, or 
under machinery bases may reduce band, watertightness, uniformity, and 


strength in the concrete or mortar and necessitate, in some instances, costly 


clean-up and grouting operations. 


Aluminum powder,'’'*® when added to mortar or concrete, reacts with 
the hydroxides present in hydrating cement to produce minute bubbles of 
hydrogen gas throughout the cement-water matrix. The amount and extent 
of the aluminum reaction is dependent upon the type and amount of aluminum 
powder, fineness and chemical composition of the cement, temperature, mix 
proportions, and other factors. Usually, the unpolished powder is pre- 
ferred, though when a slower reaction is desired, the polished form may be 
advantageous. The amounts added are usually limited to 0.005 to 0.02 
percent by weight, of cement, though larger amounts may be used in the 
production of lightweight concrete of low strength 


The action of aluminum powder, when properly controlled, causes a slight 
expansion in plastic concrete or mortar and thus reduces or eliminates settle- 
ment and may, accordingly, increase bond to horizontal reinforcing steel 
and improve the effectiveness of grout in filling joints. It is particularly 
useful for grouting under machine bases or backfilling under horizontal 
surfaces where complete filling of the cavity is essential. The effect on strength 
depends to a considerable extent on the degree to which the tendency of the 
concrete to expand is restrained. Without restraint the loss of strength 
may be considerable, but with complete restraint imposed, the strength is 
not affected appreciably and, in some cases, may be slightly increased. It 
is, therefore, important that the forms be tight and that they completely 
confine the grout or concrete treated with aluminum powder. Ordinarily, 
the density is slightly reduced and the resistance of the hardened concrete 
to frost action is improved 


In hot weather, the action of aluminum powder may occur too quickly 
and its beneficial action be lost. In cold weather, the action is much slower 
and may not progress fast enough to produce the desired effect before the 
concrete has set. The delayed generation of gas may or may not be harmful 
depending on the rate and amount of gas generation after the concrete has 
set and upon the degree of restraint imposed \t normal temperatures, the 
aluminum reaction starts at the time of mixing and may continue for 1's to 
thr. At temperatures above 90 F, the reaction may be completed in 30 min 
and subsidence may take place until the concrete takes its initial set. At 
10 I, the reaction may not be effective for several hours. Approximately 
twice as much aluminum ts required at 40 F as at 70 F to produce the same 
amount of expansion 


As very small quantities of aluminum powder are generally used (about 
| teaspoonful per sack of cement), and as it has a tendency to float on the 


mixing water, the powder is generally pre-mixed with fine sand or pozzolan 
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Use of gas-forming agents in concrete products 

By using larger quantities of aluminum powder than indicated above, 
lightweight concretes can be produced. In some cases additional alkali such 
as sodium hydroxide or trisodium phosphate is added to accelerate the re- 
action. If the latter is controlled so that the gas is formed at the proper 
time and in the desired amounts, the mixture increases greatly in volume 
It has also been found desirable to add some type of emulsifying agent to 
stabilize the mix, thus reducing the tendency toward gas bubble coalescence 


with resultant segregation and formation of layers. By varying the pro- 


portions and carefully controlling other factors, such as temperature and the 
uniformity of the cement used, it is possible to produce concretes over a wide 
range of density. Such products are made either with or without aggregates 
The process is suitable not only for concrete products, but also in some in 
situ. work such as insulation fills where possible cracking is unimportant 

Aluminum powder is used for this purpose in amounts of approximately 
4 |b per bag of cement, but it is usually necessary to make trial runs when 
any of the ingredients or manufacturing conditions change. Zine and mag- 
nesium powders are also used for this purpose and a chemical combination 
which produces oxygen instead of hydrogen bubbles in the mass consists of 
hydrogen peroxide and bleaching powder. Patents have been issued for 
processes Which produce chlorine and nitrogen 

In general, the properties of the resulting gas concrete are similar to those 
of comparable unit weight produced with foam or high air entrainment 
Kor information on properties, reference should be made to the preceding 


section where the latter products were discussed 


CEMENTITIOUS MATERIALS 


This group includes natural cements, hydraulic limes, and slag cements 
(mixtures of blast-furnace slag and lime). When used, materials of this class 
are usually substituted for 10 to 25 percent, by weight, of the portland cement, 
although substitution of larger amounts are made when lowered strengths 
are not objectionable. lffeets resulting from their substitution for part. of 
the cement!’ generally are an increase in workability (more pronounced for 
harsh mixes) and decreases in bleeding, in segregation, in heat of hydration, 
and for most of the materials, a decrease in strength. Natural cementing 
materials are generally considered as not having significant effect on frost 
resistance unless an air-entraining agent also is present in the cement 

The use of materials of this class may require an increase in mixing water 
and, accordingly, an increase in drying shrinkage may result. A relatively 
pong curing period is needed for development of potential strength 


POZZOLANIC MATERIALS 


A pozzolan is defined in ASTM Designation C129 as “a siliceous or. sili- 
ceous and aluminous material, which in itself possesses little or no cementitious 
value but will, in finely divided form and in the presence of moisture, chemi- 
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eally react with calcium hydroxide at ordinary temperatures to form compounds 
possessing cementitious properties.”” These materials are sometimes used 
in large hydraulic structures where it is desirable to avoid high temperatures 
or in structures exposed to sea water or sulfate-bearing waters.*° When 
used, pozzolanic materials generally are substituted for LO to 35 percent of 
the cement. They generally have a lower specific gravity than portland 
cement: therefore, if substitution is made on a weight basis a greater bulk 
volume of cementitious material results. Substitution of pozzolanic material 
for part of the cement generally reduces permeability to water and increases 
resistance to aggressive attack of sea water, sulfate-bearing soil solutions, 
and natural acid waters These effects are greater for lean mixes than for 
rich mixes 


The effect of pozzolan upon the strength of portland-pozzolan concrete 


varies markedly with the particular pozzolan used. Generally the strength 
development is relatively slow, even more so at low temperatures. Under 
favorable curing conditions, later strengths, as a rule, will be higher than 
with portland cement alone although large differences result from the use of 
different pozzolans. In all cases, prolonged wet curing is necessary for 
development of potential strength 

The addition of pozzolanic materials to concrete (instead of substitution 
for part of the cement) improves workability, impermeability, and resistance 
to chemical attack in a manner similar to that resulting from substitution 
These improvements are most marked when the pozzolan is added to a 
concrete originally deficient in the amount of fine materials; if added to one 
already containing an abundance of fine material, the water-cement ratio 
must be increased, and accordingly absorption and drying shrinkage may be 
increased and resistance to freezing and thawing may be reduced 

The effects of additions on strength vary with the mix and the material 
Generally the strength of lean mixes is increased and the strength of rich 
mixes is decreased 

Kxamples of materials used in amounts ranging from 10 to 30° percent 
of the weight of the cement are: fly ash, volcanic ash, heat-treated diatomaceous 
earths, and either heat-treated or raw shales or clays 

Further discussion of the theoretical considerations involved in the use 
of pozzolanic materials and mineral powders is included in the section 
“Theoretical considerations on the use of pozzolanic materials and mineral 
powders as admixtures.” A discussion of certain pozzolanic materials which 
ean be used in reducing the alkali-aggregate reaction will be found in the 
following section 


ALKALI-AGGREGATE EXPANSION INHIBITORS 


General 

Use of admixtures for the specific purpose of counteracting alkali-aggregate 
reaction is of rather recent development, and for this reason the material 
presented here should be considered only as a brief resumé of the most recent 
knowledge of the subject 
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alkali-aggregate reaction, which has been attributed to the interaction 
of the alkalies in portland cement and certain siliceous types of aggregates, 
may result in excessive expansion and pattern cracking of concrete. Deteri- 
oration of concrete due to this reaction has been variously described in the 
literature.*'-* The term alkalies as applied to portland cement refers to the 
sodium and potassium compounds present in relatively small proportions 
expressed as the oxides. When this particular type of expansion phenomenon 
was first described by Stanton in 1940,*)°* the only apparent remedy or 
palliative was the use of portland cement of low-alkali content (0.60 percent 
or less computed as Na). 


To date, field experience and service records of concrete in which cements 
of low-alkali contents and reactive aggregates were employed have not indi- 
cated that excessive expansions will occur as the result of alkali-aggregate 
reaction. However, a considerable number of laboratory tests have indicated 
that destructive expansions, as the result of alkali-aggregate reaction, are 
possible with some aggregates when used with comparatively low-alkali 
cement.?**" It has also been ascertained that certain natural or artificial 
pozzolans are capable of reducing the expansion caused by high-alkali cements 
when used in combination with reactive siliceous aggregates. It should be 
noted that those materials found to be effective in counteracting the alkali- 
aggregate reaction are pozzolanic materials. However, the converse is not 
necessarily true, some proven pozzolans showing little ability to prevent 
expansion. For this reason, it is necessary to have available some relatively 
rapid means of evaluating the efficiency of a given material for the purpose 
intended. At the present time, the only simple and rapid method of evaluat- 
ing the ability of pozzolanic materials to control alkali-aggregate reaction is 
31 


an accelerated reduction-in-expansion test 


Types of effective pozzolans 

Pozzolans which have been found to reduce the expansion caused by alkali- 
aggregate reaction in concrete or mortar may be classified in three categories 
The first covers materials containing “amorphous” siliceous or siliceous and 
aluminous substances and includes some opals and highly opaline rocks, 
certain voleanic glasses, diatomaceous earth, and calcined clays of the kaoli- 
nite type. Also included in this category are fly ashes, some of which sig- 


nificantly reduce the expansion caused by alkali-aggregate reaction and 


others which do not. The second category covers calcined clays of the mont- 
morillonite type. The effective montmorillonite type clays must not contain 
calcium as the exchangeable cation and they must be calcined in the 1000 
to 1800 F range, but not at a temperature sufficiently high to destroy the 
crystalline structure. The third covers combinations of the above two 
categories and includes such materials as siliceous shales; e.g., Monterey 
shale and altered pumicites which are mixtures of montmorillonite clays 
and voleanic glasses. A more detailed classification of pozzolans based upon 
mineralogic composition has been published recently.“°** One reference* 
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contains also a discussion of natural pozzolans from the standpoint of geologic 
occurrence. 

The amount of suitable pozzolan required in a concrete to control this 
reaction will vary with individual aggregates and alkali content of the cement 
It has been found that ample protection can normally be obtained by 
quantities ranging from 20 to 35 percent by weight of the cement. These 
amounts are usually compatible with other physical requirements of the 
concrete such as strength, workability, and other properties. The foregoing 
should, however, be considered as a generalization since it has also been 
ascertained that certain material when finely divided and of high opal content 
(e.g., certain diatomaceous earths and opaline cherts) will prevent expansions 
when used in amount of less than 15 percent by weight of the cement. Con 
sideration must also be given in the use of these latter materials to the usually 
attendant increased water requirement 


Other admixtures 

There is some evidence that air-entraining admixtures reduce. slightly 
the expansion caused by alkali-aggregate reaction. There is also some evidence 
that aluminum powder reduces this expansion slightly as the result of gas 
entrainment. tecent test data indicate that small additions of certain 
other chemical substances may hold promise as inhibitors of alkali-aggregate 
expansion.*® Outstanding reductions in expansion of laboratory mortar 
specimens have been reported for additions of | percent by weight of the 
cement of lithium salts. Moderately good results were also obtained with 
certain protein air-entraining agents. It was found that some of these latter 
substances were more effective in reducing expansion than others, even when 
the amount of air entrained was the same. ‘The results reported are limited 
and further confirmatory work is needed with regard to these admixtures 
Laboratory tests indicate that the use of calcium chloride increases the 
expansion caused by the alkali-aggregate reaction 


Conclusions 

In connection with the use of an admixture to counteract alkali-aggregate 
reaction, the question can logically arise whether an effective material is 
sufficient to counteract this reaction per se That is, could a high-alkali 


) 


cement be used with «a highly effective admixture? Also, the question can be 
asked, can a less efficient admixture, from the point of view of the alkali- 
aggregate reaction, be used with a low-alkali cement or with less active 
aggregates? Until these points can be resolved, it is the opinion of the com 
mittee that only the most efficient or proven materials should be used in 
conjunction with low-alkali cement where reactive aggregates are of necessity 


to be employed in the work 


DAMPPROOFING AND PERMEABILITY REDUCING AGENTS 
General 


Water in liquid form passes through conerete by two different processes 


In one process, water under pressure and in contact with one surface of the 
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concrete is forced through either relatively large or small channels connecting 
the inner and outer surfaces Permeability measurements under sizable 
pressures give : lication of the ability of a concrete to resist this type 
of flow. Use of an admixture or other process to render concrete more re- 
sistant to this type of flow is termed in this report “reduction of permeability.”’ 
It is the opinion of the committee that this term is more appropriate than 
the rather commonly accepted term “waterproofing.” In the second process, 
the passage of moisture through concrete may tuke place in the absence of 
any appreciable external water pressure simply by the action of capillary 
forces which draw the water into and throughout the mass. Evaporation 
from surfaces exposed to unsaturated air and the constant replenishment of 
moisture from the surface in contact with water result in a flow of moisture 
through the conerete The reduction of moisture transfer of this second 
type is termed “dampproofing.” Measurements of absorption and capillary 
rise as well as of permeability under low pressures give an indication of the 
dampproot qualities of a concrete Some admixtures may have merit for 


both reduction of permeability and dampproofing 


Viany investigators are of the opinion that conerete, carefully designed 
placed, and cured, will be impermeable without the use of any admixture 
und that leakage due to cracks, Joints, and honeycombing Is apt to be of 
much greater magnitude and concern than leakage through the sound mortar 
However, since the usual design, placing, and curing leave much to be desired, 
the use of a well-chosen admixture may prove advantageous where low per- 


meability is required, especially for concrete made from a lean mix 


ven though the best conerete practices are adhered to and the resulting 
concrete is essentially impervious to water under pressure, passage of moisture 


due to capillary action may take place if the concrete is in contact with 


moisture or damp earth Moisture movement of this type may often be 


responsible for unsightly steins on conerete and masonry walls, efflorescence 


excessive humidity in adjacent air spaces, and other objectionable results 
of dampness. Often the moisture is evaporated and carried off by ventilation 
at such a rate that the concrete appears dry, but the relative humidity of the 


surrounding air may be higher than desirable 


Water repellents employed as integral admixtures are effective in reducing 
the rate of capillary transmission and in many cases offer the simplest method 
ol controlling such moisture movement They are used not only in con- 
erete walls and slabs but also in east stone, ornamental concrete, stucco, 
cement water paints, and pargings. They are not effective against sizable 


water pressures 


Use of such admixtures should in no case be considered as a substitute for 
careful choice of materials and mixes, for skilled workmanship, or for ade- 
quate curing. In no case can an admixture be expected to compensate for 
cracks or large voids in the concrete, although it may minimize the probability 
of their occurrence 
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Since the effectiveness of an admixture in a given application depends 
upon many factors, including not only the placing and curing of the concrete 
but also the properties of all the individual materials and their proportions, 
the choice of an admixture in a particular instance should be made only after 
experimental work has been conducted or previous experience with similar 
applications has shown that beneficial results will occur. 

Many preparations are sold under the name of integral “waterproofers”’ 
or dampproofers. They vary widely in composition and in nature of their 
action.*© 7" Specific preparations are not discussed in this report but the 
various general types of integral materials are considered. They are discussed 
from the standpoint of composition of the additive, of effect on strength and 
other physical properties of conerete, and of probable effectiveness as per- 


meability-reducing or dampproofing agents 


Calcium chloride solutions 

This portion of the report applies only to caleium chloride solutions, not 
to the many commercial preparations of calcium chloride containing small 
quantities of other materials which will be considered later 

The listing of calcium chloride as a dampproofing or permeability-reducing 
agent has been questioned. However, it is included as such because a number 
of proprietary materials sold as so-called “waterproofings” consist of little 
more than a calcium chloride solution. Calcium chloride’s most important 
function is that of an accelerator, serving to increase the rate of cement 
hydration and of strength development and is fully deseribed in the section 
“Accelerators,” p. 116. Little difference is found in the permeability or 
absorption of similar concretes with and without caletum chloride 

Under certain conditions the use of calcium chloride may prove beneficial 
The importance of adequate curing in the making of impermeable conerete 
is well recognized. Use of an accelerator shortens the period during which 
curing must be continued for best results. This fact should not be construed 
as a recommendation that employment of an accelerator makes good curing 


unnecessary but rather that the effeets of bad curing practices will be lessened 


Soaps 

\dmixtures classified here as “soaps’’ are inorganic salts of fatty acids, 
usually calcium or ammonium stearate or oleate. In commercial preparations 
the soap content 1s usually 20 percent or less, the balance of the solid material 
being lime or calcium chloride. The quantity of soap incorporated in con- 
crete should not exceed 0.2 percent by weight of the cement. Larger percent 


ages result in excessive frothing action with consequent increase in void space 


and decrease in strength Krom the standpoint ol dampproofing ol con 
crete, a soap functions primarily as a water repellent. Its relative effective- 
ness in this respect is dependent upon its uniformity of distribution through- 
out the concrete 

Tests*® have shown that, in general, concretes into which soaps have been 


incorporated are more permeable to water under pressure than similar ones 
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without such treatment. This has been attributed to the foaming action 
noted during mixing, but the explanation is not wholly consistent with per- 
meability results obtained with air-entrained concrete. It should be 
mentioned that soaps frequently improve the workability of concrete, con- 
tributing to greater ease of placement. Their use may thus be beneficial in 
that they lessen the probability of the formation of large voids or pockets. 

Use of calcium chloride, in conjuction with soaps, tends to compensate 
for the reduction in concrete strength at early ages. Ultimate strengths, 
however, are normally lower than for plain concrete. A word of caution 
should be given with respect to curing procedures for concrete containing 
this type of agent. Intermittent curing cannot be used because once the 
concrete has dried out it cannot readily be wetted again. 
Butyl stearate 

The action of butyl stearate in concrete is similar to that of the soaps. 
Unlike the soaps, it does not have a frothing action with the concomitant 
decrease in density of the concrete. It may be used, therefore, in much 
greater quantity than the soaps. To attain greatest uniformity of distribution 
throughout the concrete it is usually added as an emulsion. A quantity of 
emulsion found suitable is that which gives the equivalent of 1 percent of 
butyl stearate by weight of the cement. 

Butyl stearate is superior to the soaps as a water repellent in concrete. 
It is noticeably more effective against penetration of water by capillary 


action when under moderate exposure, and it does not increase the permeability 


as the soaps frequently do. When used in recommended amounts its effect 
on the strength of concrete is negligible. 
Finely subdivided dry materials 

Materials in this category may either be inert or may react with other 
constituents of the mix. Reactive materials are usually pozzolanic, com- 
bining with lime liberated during hydration of the cement. 

The reduction in permeability achieved by the use of finely subdivided 
dry materials is closely related to the properties of the particular concrete 
mixture. If the cement content of the cement-water paste is relatively low 
or if the aggregate is deficient in fines, the addition of the finely subdivided 
material will probably be highly beneficial, decreasing permeability and 
increasing strength. However, if the concrete mix is rich in cement and the 
aggregate properly graded, added fine material will probably be detrimental 
since the increased surface area increases the water demand resulting in a 
less dense and a weaker concrete. The above comments apply whether the 
added materials are inert or reactive. Regardless of mix quality, reactive 
materials have an advantage over the inert materials in that some additional 
strength results from the reaction and laboratory tests have demonstrated 
that many pozzolans are effective in substantially reducing permeability. 

An increase in cement content is often more effective in decreasing the 
permeability of concrete than is the addition of other fine material. In 
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massive structures, the desirability of maintaining heat evolution and sub- 


sequent shrinkage at a minimum requires that the cement content be kept 


low. In such cases, finely subdivided materials, preferably pozzolanic in 
character, may be used advantageously. Also, in any structure, an excess 
of fine material, including cement, may lead to objectionable properties of 
the concrete and should not be resorted to as a substitute for proper grading 
of the aggregates. For further discussion of the theoretical aspects of this 
subject, reference is made to “Theoretical considerations on the use of 
pozzolanie materials and mineral powders as admixtures,”’ p. 139 

Tests have shown that finely divided materials have little merit as damp- 
proofers. 
Petroleum products 

Heavy mineral oil has proved effective in rendering concrete water repellent 
The oil should contain no fatty or vegetable oil components and should have 
a viscosity of approximately SAK 60. 

The use of types RC-2 and MC-O0 asphalt cut-back oils have been tried in 
quantities of 2!5, 5, and 10 percent by weight of cement. Strength and 
workability of the concrete was not seriously affected although it was reported 
that 10 percent oil increased the setting time by approximately one-fourth 

Asphalt emulsions are also used. Such materials are not effective until 
the emulsion has been broken by the drying of the concrete. Two-in. labo- 
ratory cubes made with such a material and dried, after curing, at 65 C showed 
a pronounced reduction in l-hr and 24-hr absorption. Twenty-eight day 
strengths were reduced by less than 10 percent 
Workability agents and air-entraining admixtures 

Since the production of concrete of low permeability depends to a great 
extent on successful uniform placing of the material, an agent which im- 
proves the plasticity of a given mixture without causing deleterious effects 
or which limits bleeding and thereby reduces the number of large voids might 
properly be classified as a permeability reducing agent 

Certain organic compounds or mixtures have been marketed as water- 
reducing agents under proprietary names. In addition to increasing work- 
ability, the sulfonated type generally entrains some air and decreases the 
bleeding, while carbohydrate salts in combination with other active or inert 
materials affect the workability favorably but do not cause air entrainment 
or reduce bleeding. 

Air-entrained concretes have greater plasticity and bleed less than those 
without entrained air. The reduction in number of large voids left by poor 
compaction or caused by collection of bleeding water under aggregate results 
in less permeability. The view has been expressed that in addition to acting 
as a workavility agent the small disconnected voids offer a barrier to the 
capillary passage of water by breaking the capillaries. Air-entrained concretes 
have lower absorption and capillarity than those without air and hence air 
entrainment may be classed as both a permeability reducing and damp- 
proofing agent, 
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Miscellaneous materials 

Some proprietary powders, pastes, and liquids available on the market 
as so-called integral “waterproofers’’ cannot be classified under types thus 
far discussed. ‘These products are made up of various combinations of 
materials such as (1) barium sulfate, calcium and magnesium silicates, and 
fatty acid; (2) finely ground silica and napthalene; (3) colloidal silica and 
a flousilicate; (4) petroleum jelly and lime; (5) cellulose materials and wax 
in an ammoniacal copper solution; (6) silica, lime, and alum; (7) coal tar cut 
with benzene; and (8) sodium silicate together with an organic nitrogenous 
material. 

The chemical or physical actions of these miscellaneous materials on con- 
crete are varied. Their effect on the strength of a properly designed concrete 
is usually detrimental. The effectiveness for reduction of permeability of 
those containing water repellents, finely subdivided materials, or oils can be 
estimated from the foregoing discussions of such materials. Based on avail- 
able test data, none of the miscellaneous materials enumerated above are 
appreciably effective in dampproofing concrete. 


WORKABILITY AGENTS 

General 

The ease with which concrete can be placed influences the cost of concrete 
construction.*° The workability of concrete should be the maximum obtain- 
able commensurate with desired economy. In the following instances, how- 
ever, increased workability is necessary almost without regard to increased 
cost: (a) if the concrete is harsh because of aggregate characteristics or grading; 
(b) if the concrete must be placed around closely spaced reinforcement or in 
difficultly accessible sections; (c) where special means of placement are re- 
quired such as with tremie or pumping methods. It should be noted that 
frequently reproportioning of the mixture or increasing the cement content 
may give the desired results. 


’ 


Finely divided materials 


In mixes deficient in “fines” (particularly material passing the No. 200 


sieve) addition of a finely divided mineral admixture improves workability, 
reduces the rate and amount of bleeding, and increases the strength. In 
general, the higher the specific surface of the material the smaller the volume 
required to produce a given effect on workability. When an appropriate 
quantity of mineral powder is used, no increase in total water content of the 
concrete is required and drying shrinkage and absorptivity of the hardened 
concrete are not much affeeted. Addition of a mineral powder to mixtures 
not deficient in fines, particularly mixtures rich in portland cement, generally 
decreases workability for a given water content. For that reason, the addition 
of mineral powders to such mixes generally entails an increase in the total 
water content of the concrete and may result in an increage in drying shrinkage 
and absorptivity and a decrease in strength. A discussion of the theoretical 
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aspects of this subject is contained in the section ‘Theoretical considerations 
on the use of pozzolanic materials and mineral powders as admixtures,” p. 139 

Examples of materials added in amounts not exceeding 3 to 5 percent by 
weight of the cement are bentonite, clay, and diatomaceous earth. Examples 
of materials added in larger amounts are fly ash, finely divided silica, fine 
sand, hydrated lime, tale, and pulverized stone 


Water-reducing agents 

Certain organic compounds or mixtures that have been marketed under 
proprietary names increase the slump of concrete of a given water content 
and, therefore, permit concrete of a given slump to be produced at a some- 
what reduced water content. Only a few such materials have been examined; 
hence, no broad statements can be made of the general effects of all material 
in this group. The materials that have been examined to date, however, 
contain either sulfonated organic compounds or carbohydrate salts in com- 
bination with other active or inert materials. The sulfonated type generally 
caused some entrainment of air and decrease in bleeding, but not to the 
extent caused by materials classed as air-entraining agents. This type had 
a proportionately greater effect in lean mixes than in rich ones. The carbo- 
hydrate type did not cause entrainment of air and did not reduce bleeding; 
some retardation of set was produced 

The effect on the hardened concrete of the use of these materials, when 
advantage of the possible water reduction was taken, was generally somewhat 
improved impermeability and compressive strength and, for the type causing 
mild air entrainment, improved resistance to freezing and thawing 

As with other chemically active admixtures, the specific effect of these 
materials varies with different cements and tests should be made with the 
job cement and preferably the other job materials before their use is attempted 
Ajir-entraining agents 

Although these admixtures were originally considered for use principally 
because of their effect on the durability of concrete, their effect on the work- 
ability of leaner mixes is so pronounced as to merit mention in any discussion 
of workability agents. The incorporation of numerous small well-distributed 
air bubbles in the concrete acts in the manner of a lubricating medium, 


generally increasing the “fatness’’ of the mix and markedly improving the 


placeability of otherwise harsh concrete. As noted in the section on air 
entraining agents, p. 120, entrained air improves cohesiveness and accordingly 
reduces segregation, reduces rate and amount of bleeding, and permits a 
reduction in mixing water without loss of workability 


GROUTING AGENTS 


General 

Many admixtures will contribute to the maintenance in suspension of the 
cement particles until the hydration process is well underway. Bleeding in 
grout is objectionable and must be minimized by the use of some admixture 


that possesses the necessary characteristics to produce a grout that can be 
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satisfactorily pumped over long distances at a lower water-cement ratio than 
is possible with plain portland cement grout. 

Too much water in grout is just as objectionable as too much water in 
concrete. Dense, impervious, durable grout, the kind that will not permit 
the slow infiltration of water and the consequent leaching out of the cement- 
ing medium, can only be produced with relatively low water-cement ratios, 
ratios much lower than now ordinarily used. Such low water-cement ratios 
are possible only when the grout mixture includes, in addition to the portland 
cement and water, a suitable admixture that will ‘lubricate’ the mass, and 
thus make possible the injection of drier grout mixtures at reasonable pressures 
and without segregation of ingredients. One of the basic shortcomings of 
grout mixtures composed of portland cement and sand is the tendency of the 
mixture ingredients to separate during the placing process. 

In grout containing sand, entrained air is beneficial in reducing friction dur- 
ing placement. Too much extremely fine inert material inhibits the beneficial 
effect of air entrainment. Without sand in grout no beneficial effect can be 
obtained by entraining air and hence some other solution must be substituted 
for air entrainment wherever sand is not a part of the grout mixture. When 
grout is pumped into subaqueous prepacked gravel or any other porous 
foundation material below the water table, it is mandatory that the ingre- 
dients do not segregate as it is deposited under water. Admixtures that 
will minimize segregation under water are likewise available on the market. 
Any project on which an extensive grouting program is contemplated should 
set up a core-drilling and grouting investigation to develop the proper tech- 
nique for that particular work and to try out various admixtures. There is 
no other way of satisfactorily solving such problems. 

Admixtures used for grouting 

Only general recommendations on the use of admixtures can be given 
because of the diversified problems encountered in grouting and because of 
the lack of information on field use. Pilot tests must be made prior to using 
any admixture in a grout because some admixtures act differently with 
different types and brands of cement. Admixtures are classified in the follow- 
ing paragraphs according to their effects on the properties of the grouting 
mixture, 


Accelerators Accelerators may be used in a grout to hasten the set in 
situations where a plugging effect is desired. Calcium chloride or triethano- 
lamine can be used. The latter is more effective with even small amounts 
causing almost instantaneous set. The use of accelerators is further described 
on p. 116 of this report. 

Retarders— Retarders and dispersing agents can be used in a grout to aid 
in pumpability and in the penetration of grout into fine cracks or seams. 
Through their dispersing nature they slow down the coalescing of the cement 


particles. This, in effect, also reduces the amount of water required for the 
same fluidity. Included in this category are RDA, SRDA, mucie acid, 
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Plastiment, and Intrusion Aid. The use of retarders is further described 
on p. 118 of this report. 

Gas-forming agents—Gas-forming admixtures can be used when grouting 
in completely confined areas, such as under machine bases, in contraction 
joints, or in foundations. Aluminum powder is the agent most commonly 
used and it reacts to produce small bubbles of hydrogen gas throughout the 
mixture. This reaction produces expansion of the grout and eliminates 
settlement with the resultant complete filling of the cavity. The use of 
gas-forming agents is further described on p. 124 of this report. 

Workalility agents- Such materials as fly ash, bentonite, pumicite, and dia- 
tomaceous earth are sometimes added to improve pumpability, reduce settle- 
ment, and provide increased economy. Fly ash has a pozzolanic effect and 
it aids pumpability, retards setting time, and, in some areas, is less expensive 
than cement. Bentonite aids the retention of the cement particles in sus- 
pension during the pumping operation and increases the yield of the hardened 
grout. Pumicite and diatomaceous earth also have a pozzolanic effect and 
in small amounts, because of their high water requirement, will make a grout 
thicken and be more cohesive or gelatinous. Where voids are large enough 
to allow the use of sand-cement grout, the addition of the sand will reduce 
the cost of the grout mix. With the use of other admixtures and with the 
proper amount of water, the sand-cement grout can be readily pumped. The 
use of workability agents is further described on p. 134 of this report 
Admixtures for oil well grouting 

The use of retarders in oil well grouting is discussed on p. 119. In some 
cementing operations it is necessary to use a cement grout which will not lose 
its water content easily to the walls of the well. Lower water loss cements 
have been prepared by the addition of gels and clays, soya bean protein and 
sodium hydroxide, pre-gelatinized starch, methyl! cellulose, or mixtures with 
clay and ferric oxides. In certain types of wells the oil bearing formations 
are sealed off from the well by cement which is later perforated by bullets 
shot through the cement casing. Cracking of the concrete shell may be 
lessened by the reduction in brittleness brought about by the addition of 
bentonite clays in an amount of about 6 lb per bag of cement.*! 


MISCELLANEOUS 
Unclassified 


There are a number of commercial admixtures which do not fit into any 
of the foregoing classifications. This group includes materials which are 
claimed to increase the resistance to wear or abrasion (integral floor 
hardeners) or to react with the cement or the products of hydration of the 
cement, filling pores, thus decreasing absorption and permeability. These 
materials are difficult to evaluate but in no case can they be considered a 
cure for poor workmanship 


Expanding cements 


Expanding cements are not necessarily admixtures and should not logically 
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be so classified. However, since their effects and uses are closely related to 
those of admixtures, it has been felt desirable to describe them under the 
“miscellaneous” classification. 

Concrete shrinks when it is dried out and the disadvantages of this shrink- 
age include the cracks which may result and expose the interior and its rein- 
forcing steel to aggressive agents in the atmosphere or water. Shrinkage 
may cause undesirable internal stresses, less effective use of reinforcing, and 
poor contact in machinery grouting operations and patching work. Shrinkage 
may be reduced by proper proportioning of the mix and its bad effects mini- 
mized by adequate curing. But complete elimination can be realized only 
by adding an opposing expanding element to the concrete which will produce 
an expansion equal to the normal shrinkage during each time interval. Such 
an ideal material has not been found and in practice an attempt is made to 
produce an expansion during the damp hydrating period which will balance 
the subsequent drying shrinkage. Such a cement is called a nonshrinking 
cement while one in which the initial expansion is greater than the drying 
shrinkage is called an expanding cement. Obviously, the difference is a 
matter of degree 

In Kurope, expanding cements have been produced by the addition of a 
sulfoaluminous cement made by burning a mixture of gypsum, bauxite, and 
limestone.** This cement, which is stable by itself, when added to portland 
cement, itself stable, produces an expansion. The amount of expansion is 
controlled by varying the proportions used and by adding ground slag which 
acts as a stabilizer by absorbing the excess calcium sulfate. The time at 
which expansion takes place is controlled by varying the quantity of slag 
and the fineness of both the slag and sulfoaluminous cement. The latter 
must be coarse enough so that appreciable premature expansion will not 
lower the initial strengths. The slag must be coarse enough to a'low the 
desired expansion before appreciable stabilizing takes place. Obviously, the 
curing condition and length of moist curing may affect the results obtained 
Amounts of sulfoaluminous cements from 9 to 25 percent by weight of the 
portland cement are used and a slag content of 15 to 20 percent of the total 
has been found to give satisfactory results. 

Powdered iron plus an oxidizing agent produces the expansion in another 
type of nonshrinking or expanding cement. In this case, as previously dis- 
cussed, control of the amount of expansion is also difficult. A concrete with 
an iron admixture may be expected to expand some under every subjection 
to moisture so that while the initial expansion might be of the correct amount 
to compensate for the subsequent drying shrinkage, later “growth” in the 
presence of moisture might prove excessive. A number of proprietary 
admixtures and cements of this type are on the market. 


Grinding aids 
(Grinding aids are not admixtures and accordingly do not logically fall within 


the scope of this classification. By reason of their widespread use, however, 


and because of this indirect effect on concrete a brief discussion of them 1s 
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given. Use of grinding aids has contributed to the finer grinding of cements. 
This in turn has led to higher early strengths or leaner mixes that were 
placeable and which yielded adequate strengths. Materials such as Vinsol 
resin and tallow, in amounts of the order of 0.03 to 0.06 percent, are aids to 
grinding, but are generally used for the subsequent direct effect as air-entrain- 
ing agents in concrete rather than for their effect upon grinding. Water, 
coal, and rosin, are the oldest used grinding aids. The commercial grinding 
aid TDA when added in the amounts used as a grinding aid (limited by 
current ASTM specifications to 0.043 percent by weight for Type I cement 
and 0.08 percent for Type III, high early strength cement) and the com- 
mercial material ‘109-B’’ (limited by current ASTM specifications to 0.03 
percent by weight for Type I cement and 0.05 percent for Type III cement) 
are generally considered to have only little direct effect on concrete 


THEORETICAL CONSIDERATIONS ON THE USE OF POZZOLANIC MATERIALS 
AND MINERAL POWDERS AS ADMIXTURES 


Admixtures have been used to improve the workability and bleeding 


characteristics of fresh concrete and sometimes to modify the properties of 


the hardened concrete. Many of the materials so used are mineral powders 
as fine as or finer than portland cement. They therefore serve to ‘“correct”’ 
the properties of the paste. Since the distinction between the fine material 
in the paste and that in the aggregate is more or less arbitrary, mineral ad- 
mixtures may also be considered as correctives for aggregate gradation 


Some mineral powders are relatively inert chemically, others are pozzolanic 
or cementitious. Their chemical characteristics are of secondary importance 
so far as the effect on workability and bleeding characteristics of fresh 
concrete is concerned. 

Bleeding and plasticity 

Among the various factors determining the bleeding characteristics and the 
degree of plasticity of fresh concrete, the amount of surface area of the solids 
per unit of water volume is the most important.‘ When the ratio of surface 
area to water is too low, the paste has a thin, watery consistency. Conse- 
quently, at a given slump the volume of paste in the concrete only slightly 
exceeds the volume of voids in the aggregate. This means that the aggre- 
gate particles are only slightly separated by paste layers and hence that the 
mix has a low capacity for plastic deformation and a high tendency to segre- 
44 


gate. It denotes also a high incidence of particle interference according to 


Weymouth’s criterion.” 

When the ratio of surface area to water is too low, the rate of bleeding is 
relatively high. Moreover, most of the bleeding does not appear at the 
surface; that is, the aggregate particles settle for a short period and then 
establish point-to-point contacts that prevent further settlement. The 
watery paste continues to bleed within the pockets defined by the aggregate 
particles leaving layers of water at the undersides of the particles. Thus, 
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with mixtures having the characteristics just discussed, bleeding tends to 
reduce the homogeneity of the concrete. 


Undesirable effects of bleeding 

In extreme cases, the lack of homogeneity is manifested by open fissures 
under the aggregate particles large enough to be visible in a cross section 
of the concrete. As early as 1917 Edwards** published photographs of cross 
sections showing the separation of the paste from the undersides of the aggre- 
gate particles. In 1927 (and at various later times) Gilkey*’ discussed this 
phenomenon. In 1929 Powers** published experimental evidence of its 
adverse effect on strength and watertightness. Collier*® in 1930 referred 
to this phenomenon in explaining deviations in strength at constant water- 
cement ratio. Ruettgers, Vidal, and Wing®® (1935) showed that at a given 
water-cement ratio and stage of curing the concrete was more permeable 
the larger the maximum size of the aggregate. These results seemed to 
demonstrate that the fissures under the aggregate particles contribute in a 
major way to the permeability of the concrete. Casey®! (1937) published 
photomicrographs showing fissures under the aggregate particles for con- 
cretes made with cements having different bleeding characteristics. In 1939 
Powers published experiments showing that the loss in strength at a given 
water-cement ratio was a function of the degree to which bleeding is hindered 
by particle contacts. 


Particle separation 


The undesirable effect of bleeding described in the foregoing paragraphs 


can be ameliorated by increasing the ratio of surface area to water in the 
paste. This generally increases the stiffness of the paste and at a given slump 
effects a wider separation of the aggregate particles in the concrete. The ratio 
of surface area to water volume may be increased by increasing the amount 
of cement (lowering the water-cement ratio of the paste) or by supplementing 
the cement with a suitable admixture. 

Hlowever, the degree of particle separation required to eliminate undesirable 
bleeding effects is high. It requires the volume of the mix to exceed that of 
the dry rodded aggregate by as much as 50 percent. ‘To effect such a degree 
of separation requires a paste of very low water-cement ratio or the use of 
an excessive amount of admixture. It is necessary, therefore, to base the 
selection of materials and proportions on a compromise; some potential 
strength and impermeability must be sacrificed to obtain lower water contents 
and consequently better volume-change characteristics.°* 

Although under some circumstances the use of admixtures lowers the 
amount of voids in the concrete, admixtures should not be regarded as void- 
fillers—at least not in the sense of providing small particles to fill the voids 
between the larger particles. A mixture of either cement and water or cement, 
admixture, and water forms a soft, plastic paste-—-technically a weak solid 
which envelops the aggregate particles and, in the course of the mixing proc- 
ess, separates them. Thus, in a sense, the function of the admixture is to 
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increase the voids in the aggregate and in so doing to increase the capacity 


of the mix for plastic deformation. Adding | percent of a material of high 
specific surface such as bentonite together with the necessary amount of 
water will effect the same increase in aggregate-particle separation as 10 
or 15 percent of a mineral powder of ordinary specific surface. This shows 
that the volume of paste produced by the admixture rather than the manner 
in which the particles fit into the voids of the aggregate is the factor controlling 
the effectiveness of the admixture. 

In 1931, G. M. Williams** reported: ‘“‘The relative efficiency of admixtures 
in increasing workability is measured by the relative volumes of pastes pro- 
duced when equal weights of admixtures are made into pastes of approximately 
equal flowability.”” Practically the same conclusion was published in 1932 
by Powers,** who reported data indicating that the workability of concrete 
was determined by the quantity and consistency of the paste rather than by 
the characteristics of the powder or powders of which the paste is made 
This study indicated also that for any given material there is an optimum 
paste consistency at which the water requirement of the concrete for a given 
mobility is at a minimum. In still later studies McMillan and Powers®* in 
reporting a study of admixtures stated: “‘Any of the powdered materials 
tested, or blends of two materials, when used in such proportions as to produce 
a paste of given consistency, gave, when combined with the same gradation 
of aggregate, concrete mixes of substantially equal workability.” A method 
was given for computing the required amount of admixture on the basis of 
the water content of admixture-pastes tested separately. Such computations 
serve as a first approximation to be checked by trial batches. John C. Sprague 
also found that the relative amount of admixture required to control the 
bleeding capacity of concrete was roughly proportional to the relative amount 
of water required by the admixture for ‘fnormal”’ consistency 
Selection and proportioning of admixtures ‘ 

From the point of view presented in the preceding section, selecting and 
proportioning admixtures should be based on the optimum paste consistency 
which will produce concrete of specified consistency with the least amount 
of mixing water. Paste-making characteristics of the admixture are discussed 
in the following. The object is to produce a paste having optimum con 
sistency and having, potentially, the strength specified 

Fig. 1 shows a typical relationship between water content and paste con- 
tent, paste being defined as the sum of the volumes of water and cement 
Since the values preg on the seale of abscissas differ from those on the 
scale of ordinates only by the volume of cement present there is a simple 
mathematical relationship between water-cement ratio, water content, and 
volume of paste, as shown by the slanted lines.* The locus of the plotted 
points represents a relationship established by making a series of concrete 


(id 
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Fig. 1—Typical interrelationships of water content, water-cement ratio, and paste content for 
mixes with and without admixtures 


mixes of the same cement and aggregate, each mix having the same con- 
sistency, as indicated by the remolding test. (Similar relationships can be 
established on the basis of the consistency as given by the slump test, or as 
judged by an experienced operator. ) 


For these materials the minimum water content was obtained with a paste 
content equal to 40 percent of the volume of the mix. The consistency of 


the paste represented at this point is therefore the optimum paste consistency 


for these materials and selected concrete consistency. It is the consistency of 
the neat paste having a water-cement ratio of 0.45 by weight. 


In selecting and proportioning an admixture for concrete made with this 
cement and aggregate, the designer assumes that the paste should have the 
same consistency as the neat cement paste with water-cement ratio 0.45, 
regardless of the make-up of the paste. Therefore, if the concrete required 
a water-cement ratio of 0.45 or lower, no admixture would be specified. * 
If a water-cement ratio higher than 0.45 is desired, an admixture could be 
used advantageously. For example, if the desired water-cement ratio is 
0.55, a plain mix would, as shown in Fig. 1A, have a paste content of about 
36.5 percent instead of the desired 40 percent. Therefore, a combination 


*In case a W/C less than 0.45 is required, the consistency of the paste will of necessity be stiffer than optimum 
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of cement and other mineral powder having the same consistency as a plain 
cement paste of WC 0.45 would be sought 

The open triangle a and the solid triangle to which it is tied in Fig. LA 
illustrate how this was done with pulverized limestone as an admixture. The 
open triangle indicates the water-cement ratio of the cement paste and the 
solid triangle gives the volume of the augmented paste. Thus the desired 
result was accomplished: the water-cement ratio was 0.55, the paste fraction 
was 40 percent, and the consistency was as specified in terms of remolding 
effort. 

The total water content of the mix made with the limestone-cement paste 
was slightly below that of the optimum mix made with cement alone. This 
indicates that at a given paste consistency the solid content of the cement- 
limestone paste was greater than that of the neat cement paste. This desirable 
reduction in water content is not always to be expected. Fig. 1B shows the 
results of using pulverized calcined shale instead of pulverized limestone 
With this material the cement-admixture paste had a lower solid content than 
neat cement paste of the same consistency. Consequently, concrete made 
with cement and pulverized calcined shale had a higher water content for 
the same paste content and paste consistency than did the optimum plain mix 

In general, the higher the proportion of solids in a paste of given con- 
sistency the lower the water content of the concrete at a given degree of 
plasticity. If a cement-admixture paste contains the same volume of solids 
as neat cement paste of the same consistency, the use of the admixture in 
correct proportion will have little or no influence on the water requirement 
of the concrete. If the solid content of the cement-admixture paste is lower 
than that of the cement paste having the same consistency, using an ad- 
mixture is liable to increase the water requirement of the mix. It follows 
therefore that admixtures giving pastes of relatively high solid content are 
to be preferred 
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Precast Concrete Sandwich Panels for Tilt-Up 
Construction’® 


By F. THOMAS COLLINSt 


SYNOPSIS 


Design and construction details are presented on precast concrete wall 
panels of sandwich panel design. While most precast concrete sandwich wall 
panels to date have been factory fabricated in relatively small panels, ad 
vantages are cited for casting large sandwich panels for tilt up construction 
Details are given on various types of sandwich panels. Some fundamentals of 
design for conventional sandwich walls are given with sample calculations. An 
example wall is designed for tilt-up construction Ineorporation ol pre 


stressing in such i panel Is discussed \ cost analysis is also included 


INTRODUCTION 


By definition, precast concrete sandwich construction consists of two 


faces of relatively thin, high strength, high density materials bonded to a 


core of relatively thick, low density material. The function of the core 
material is to stabilize the relatively thin faces of precast, high strength 
concrete and to provide a high stiffness factor for the combination of materials 
by separating the faces. This combination produces a lighter, stronger wall, 
and if the core material is a good insulator it produces a more insulated wall 
Although sandwich design is considered relatively new to the construction 
industry, there is evidence that the sandwich principle was used as early 
as 1849 by William Fairbairn in experimenting with bridge design using 
laminated wood decking and ceonerete as a composite beam 
As early as 1906 in the United States the possibilities of constructing sand 
wich concrete walls was Intriguing designers and contractors In that vear 
a building was constructed with “sandwich” tilt “up wall panels The plattorm 
on which the front was cast was tilted with the wall (Fig. 1 Some of the 
walls were hollow, made by casting a 2-in. layer of concrete, then a 2-in. layer 
of sand, then a 2-in. layer of conerete The two outer layers of concrete 
were tied together with ties or reinforcement; the exact design is unknown 
The sand between the two outer faces of concrete was washed out vith 
water as the wall was lifted 
In 1933 Swedish builders made a sandwich wall of 5-in. lightweight con 
crete block cast and bonded to dense in situ concrete (Tig. 2: \ 544 in. thick 
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a 
tent - as 
Fig. 1—Early example of tilt-up ‘‘sandwich"’ construction. Some of the walls were hollow, 


made by casting a 2-in. layer of concrete, placing a 2-in. layer of sand, and then casting the 
top 2-in. layer of concrete. The sand was washed out with a fire hose as the wall was tilted 


lime cement mortar was then plastered on the outside of the lightweight 
concrete block. This wall gave excellent results. It has also been common 
practice in cold storage work in the United States to place the concrete wal! 
in situ, seal the inside face, apply the required thickness of insulation, and 
then plaster the inside face (the cold face) with a l-in. cement plaster (Fig. 2b 
This is more or less sandwich wall panel construction. 


Other sandwich walls have used cored gypsum filler block as the insulation 


material, ke. I. du Pont de Nemours Co. used this type of precast panel in 


1946 on industrial buildings. There have also been several other systems 
developed using cores of cellular glass, lightweight concrete, and other 
insulating materials 


SANDWICH SLAB CONSTRUCTION 


More recent examples of sandwich slab construction include both “open- 


ae 


face” and “double-face’ construction. The examples that follow are only 


a few of those that have been developed 


Open-face sandwich panels 
In the open-face type, the wall consists of just two layers of material 


CONCRETE 
oyint 
A: i: b- Fig. 2a (left)—Swedish sandwich 
Mod Ve wall: (1) 5-in. lightweight con- 
tT iN crete block; (2) cast-in-place 
4 a ey dense concrete wall; and (3) 
%-in. layer of lime cement 
mortar. Fig. 2b (right)—American 
insulated wall used in cold storage 


buildings: (A) insulation and (B) 
1 in. thick cement plaster 
































CONCRETE SANDWICH PANEL 151 


a hard outer layer and a second soft insulation layer. The two examples 


of open-face sandwich construction reported here used vermiculite concrete 
as the insulating layer. Since the vermiculite concrete did not provide enough 
structural strength when used alone, the dense concrete layer was placed 
down first as the structural wall upon which the insulating layer was to 
“ride into position in the building frame. Most applications of this type 
wall anticipated that the insulating layer was to be plastered over after 
erection of the wall panel. Design of the open-face wall panel used by Insu- 
lation Industries, Vancouver, B. C., Canada, is shown in Fig. 3. Layer A 
was « 4-in. hard, dense layer of regular concrete reinforced as required by the 
designer. Layer B, also reinforced, was the insulation layer of vermiculite 
concrete. After the wall panels were erected, with layer A exposed to the 
weather and layer B inside, the joints between panels were poured. The 
same general type of sandwich wall construction was used on the Owen 
Suilding, Columbia, 8. C. The wall panels for this building were cast on 
the concrete floors and tilted into place. Layer A in this case was 2 in. of 


regular concrete and layer B was 6 in. of vermiculite concrete 


Mineralized wood chip sandwich panel 

This sandwich wall design was developed in the United States and reported 
by P. M. Grennan.* It was designed to be used as cladding for the steel 
frame of an industrial building. However, it is reported here because it seems 
to be an excellent design and one that could well be used in site-cast tilt-up 
construction. 

The design of the 8 x 8-ft panels is shown in Fig. 4. Each panel was com- 
posed of two outer walls of regular concrete 144 in. thick reinforced with 
4 x 4-10 10 mesh. Lightweight precast insulation was 1!5 in. thick using 


chemically mineralized wood chips as aggregate. The two outer shells were 











Fig. 4—Sandwich panel 
using chemically miner- 
alized wood chips as 
the aggregate in the 
insulation filler 





Fig. 3—‘‘Open-face” 
sandwich panel: (A) 
hard, dense layer of 
regular concrete and 
(B) insulation layer of 
lightweight concrete 
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not tied through the insulation by shear ties as is customary with other 
sandwich panels—there were shear ties only at the periphery of the panel. 
The type of sandwich material was such that it could be used to transfer 
horizontal shear from one face to the other through bonding of the two outer 
faces to the insulation. 

Edges of the panel were tongue-and-groove joints. Panels were assembled 
with a | in. wide impervious cellular rubber strip inserted at the center of 
all joints. This rubber strip was secured in place during erection by an 
adhesive. Joints were completed by packing with oakum and caulking. 
Cellular glass sandwich panels 

A design similar to the above panel, but differing enough to be reported 
is the sandwich panels used by Celanese Corp. of America on its pulp mill 
for Columbia Cellulose Co., Ltd., Watson Island, B. C., Canada, reported 
by S. B. Roberts.* The panels (Fig. 5) were 6 x 10 ft and consisted of a 2-in 
layer of cellular glass insulation and two wire mesh reinforced slabs of 3000- 
psi conerete, tied together with channel-shaped strips of expanded metal. 
The inner face was 1!o in. thick and incorporated threaded metal inserts 
near the corners for fastening to the building frame. 

An outstanding sandwich panel design is the one designed by the archi- 
tectural firm of Shaw, Metz, and Dolio, of Chicago, for the Great Lakes 
Naval Training Station housing project constructed in 1951 by Corbetta 
Construction Co., Ine., New York, and Price Brothers, Dayton, Ohio. The 
design is shown in Fig. 6 

These walls were cast on plastic-faced plywood. All door and window 
frames and forms for other openings were set into the forms prior to con- 
creting. The 4 x 4-4/4 reinforcing mesh was then placed on chairs and 
concrete placed to the approximate half thickness of the walls. The transit- 
mixed concrete had a minimum 28-day strength of 4000 psi and was made 
with 6%, bags of high early strength cement per cu yd and pea gravel aggre- 
gate When the concrete had been vibrated and sereeded, 1!5 in. thick 
cellular glass insulation sheets (giving a €° value of 0.199) were set on the 
concrete. Shear ties consisting of 4 in. wide strips of 4 x 4-6/6 mesh were 


inserted between transverse rows of Foamglas blocks and embedded about 








Fig. 5—Sandwich panel using 
em pt cellular glass insulation as the 


ld Looe sheets’, : nest washer filler material 
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Fig. 6—Another sandwich-type precast con- 

crete wall using cellular glass insulation. Inner 

and outer concrete walls were tied together with 
J-shaped metal wall ties 


1 in. in the concrete. J-shaped, °.-in. round bars were then punched through 
the insulation and into the lower layer of concrete to tie the inner and outer 
layers together. Precut sheets of 2 x 2-10/10 wire mesh were placed on top 
of the insulation blocks and the rest of the concrete placed. The shear ties 
were wired to the 2 x 2-in. mesh The top layer of concrete was struck off 


with a sereed and the surface steel troweled and broomed \ decorative 


pattern was impressed into some parts of the wall before the conerete set 


Foam concrete sandwich panels 

Foam concrete has been used as a filler for sandwich panels by Lakeland 
Engineering Associates, Ine., of Florida (lig. 7 The filler used was made 
with a preformed foam using Mearlcrete P foaming agent and had a density 
of 25 to 28 Ib per cu it dry 


sonding properties of foam conerete are considered good but it is recom 


Fig. 7—Tilt-up sandwich wall using foam con- 

crete filler. This is a 12-in. wall using 8 in. of 

foam concrete as the insulating sandwich ma- 

terial with high strength dense reinforced con- 
crete on each face 
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Fig. 8—Swedish sandwich wall panel using 
lightweight expanded shale concrete as the 
insulating filler 
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mended that steel ties be used between filler and outer concrete shells as in 
the preceding types of panels 
Expanded shale sandwich panel 

One of the few true tilt-up sandwich wall panels is that recently developed 
in Sweden and reported to the author by Hilger Rohfors of Svenska Cement- 
foreningen. This panel (Fig. 8) was composed of 2-in. outer shells of regular 
dense concrete with 4 in. of expanded shale concrete between. The panel 
had metal ties between the two outer layers of dense concrete. 

The Swedish builders believe that the moisture causing difficulty, as far 
as diminishing the insulation capacity of the conerete is concerned, is the 
water incorporated inthe structure during construction. It is therefore 
important to use dry, lightweight concrete with wide communicating pores 
that dry out rapidly. An expanded shale aggregate, 4 to 5 in. with no 
fines, was chosen— giving a porous concrete with a volume weight of 50 Ib 
per cu ft. The ( value of such a sandwich wall is 1.6 Btu per hr per sq ft 
per deg F. 

In casting the panels, the shale concrete is placed on the fresh lower 2 in 
of regular concrete. It has a rather dry consistency and the top layer of 
regular conerete can be placed immediately. The speed in casting is thus 
better than a foamed or slow setting insulating concrete. The shale con- 
crete is also considered to be more economical than foam concrete, cinders, 
or other lightweight concrete mixes. The open textured shale concrete also 
offers good bond between the concrete layers 

It is this type of sandwich panel design that the author believes will give 


the best results and greatest economy 
= in site-cast, tilt-up concrete construc- 





r tion. This type of panel, cast in tilt- 





y 








up sizes, would cost one-half to two- 
thirds that of smaller sandwich 
panels with expensive insulative ma- 
terial. 


Fig. 9—Wall column — for Swedish 


sandwich wal 
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The Swedish builders have found that for buildings with ordinary inside 
humidity, there seems to be no need for a vapor barrier, provided good 
dense concrete is used in the inside and outside layers. Bond between the 
layers in the panel seems to be sufficient for lifting operations, particularly 
with the two outer faces connected with shear ties. One method of con- 
necting the two faces to the cast-in-place vertical element between panels is 


shown in Fig. 9 


Vermiculite sandwich panels 

For several years the author has been testing various sandwich panels 
with a vermiculite concrete filler material. It is placed in a plastic state on 
the fresh lower layer of regular concrete and a 2-in. top layer of regular con- 
crete placed on the vermiculite layer as soon as it has set sufficiently to carry 
the top layer. Both reinforced and unreinforced outer shells were tested 

From these tests the design in Fig. 10 has evolved. The two outer shells 
are 134 in. thick regular concrete reinforced with 2 x 2-12/12 wire tabrie 
Phe sandwich material is 2!5 in. of vermiculite concrete, approximately a 
I:S mix. The two shells are attached by 14-in. sinusoidal shear reinforcing 
spaced vertically with a maximum 4-ft center-to-center spacing. Possible 
connection details to other structural elements are illustrated in’ Fig. Ila, 


b. and ¢ 


DESIGN FUNDAMENTALS FOR CONVENTIONAL SANDWICH WALLS 
Sandwich materials 
Ideal sandwich materials are those with low density, relatively high com- 


pressive strength, high shear strength, good bonding characteristics, high 


ji! \3" 
able materials can be divided into about four divisions: = hee i Pe 
mc °°? 4' 

_ 


insulative qualities, and low cost. Such an ideal ma- y 
terial is hard to find, for those that meet some of the \2 2 
- 


requirements do not always meet with others. Avail 








1) cellular glass materials and plastic foam; (2) com- 
pressed and treated wood fibers in cement; (3) foam 


- 


concrete; and (4) lightweight concrete. Table 1 gives f- V4 


design information on these materials. Also, excellent 
design data on lightweight aggregate concrete which 
can be used in sandwich construction is given in the 
ACT Journan paper “Lightweight-Aggregate Con- 


crete,’’* 


For the factory cast, precision-made type of sand- 
wich wall panel, such materials as cellular glass or 


compressed wood fibers might be used. But for the 

















job-cast type of large tilt-up sandwich wall panel, the 


author believes that the most economical and satis- Fig. 10-Sandwich panel 
using vermiculite con- 
tactory filler material is the lightweight concrete mixes crete as filler material 


*Kiuge, Ralph W Sparks, Morne M nd Tuma, Kdward ¢ Lightweight-Aggregate Concrete 4 
KNAL, May 1949, Proc. V. 45, pp. 625-44 


I 
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Fig. 114 (top left)—Column detail 
for sandwich panel construction. 
Fig. 116 (bottom left)—Allternate 
column detail. This joint can be 
either formed and cast in place 
or shotcreted. Fig. 11¢ (right)— 
Detail of on tie to floor 
sla 








yviven in Table 1. From the data in Table 1, the most promising material 
seems to be perlite concrete. Another possibility is the use of machine 
processed expanded slag. At a mix of approximately 1:9, a good weight can 
he obtained, with acceptable strengths, medium water adsorption, and a good 
K factor. 
Design of the sandwich 

Heat transmission is an important factor of sandwich panel walls. By 
the laws of thermodynamics, the total resistance to the heat flow through 
the wall shown in Fig. 12 is equal numerically to the sum of the resistances 
in series. The resistances are the outer surface film of the wall, the material 
in the wall itself, and the surface on the other side of the wall. 

The drop in thermal gradient can be represented by the wavy line in Fig 


12. At the first resistance, the film f,, there is a drop in the gradient necessary 


to overcome the resistance of the film. ‘The same is true for the material of 
the wall and the surface film f, on the other side. The sum of these resistances 


is the total resistance, The over-all coefficient of heat transmission (° is the 


TABLE 1—DATA ON SANDWICH MATERIALS 


be 


ability 


oncrete 


lixpanded 
lag conerete 
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Fig. 12—Heat flow through wall 
— THERMAL GRADIENT 


reciprocal of the sum of the resistances 


( 1/Ry 
1 Ry 1/(R 


(9 


Now we are ready to design a sandwich wall from the insulation stand- 
point (Fig. 13). Let us assume we are using an expanded shale concrete 
with a conductivity A of 1.5 at a weight of 50 lb per cu ft and we want to 
obtain a sandwich panel with a (° of 0.27 Btu per hr per sq ft per deg F 
kor regular concrete, K 12; f; in this case is 1.65 and f, is 6.0 \ 2-in 
thickness is chosen for the outer shells $y trial-and-error methods, the 
filler thickness could be increased or decreased until the desired 0° was achieved 
Better yet, by setting the resistance of the sandwich at x, and retaining the 
other dimensions and factors, we can solve for the thickness that would 
give the desired . 

l a ‘ 
0.605 + O.167 + Ry + O.167 + O.167 ar “poe 
3 | ‘4 | 


P 


T i Y ! 
gut I 
J 


Outer shell design 
Outer shells of a sandwich panel should be 





of dense high strength concrete of at least 2500 
isi strength. Preferred practice would be to 
| | Fig. 13—Sandwich wall design ex- 


use 3000-psi concrete, with a 6-sack mix, de- ample with 2-in. outer shells 


signed to give maximum density, compressive 
strength, and watertightness It has been found in practice that this con 
crete is best placed with a slump of about 4 in., 'o to *. in. maximum aggre 
gate, and an admixture to aid workability. The shells are so thin that internal 
Vibration is out of the question and sereed vibration is recommended 
Tests on sandwich panels with unreinforeed outer shells have shown that 
such panels perform surprisingly well. Most designers believe that a mini 
mum mesh should be used in the outer shells. However, with the right sand 


wich material, the outer shells could be unreinforced, especially if the panels 
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TABLE 2—RECOMMENDED DESIGN DIMENSIONS AND SPECIFICATIONS FOR 
OUTER SHELLS 


Minimum Admixture teinfor 
Type of shell Minimum Maximum 
panel thickness, strength, aggregate, Air- Karly Shell 
in ps in. entraining strength reinforcing 


Conventional 1% 
reinforcing, (factory 
rigid fille conditions) 3 , ve mesh 


Conventional 
reinioremng, 
plastic filler ) > ye mesh 


Prestressed, could be 
lastic filler f ) ve , eliminated 
| 


were prestressed. If more steel is needed to resist bending stresses, then 
that reinforcement would also have to be placed in the outer shells. For a 
sandwich material such as compressed wood fibers in cement, placed in stag- 
gered sheets, there would be less need for reinforcing in the outer shells: 
however, this requires more research and investigation. 

As regards minimum thickness, this depends upon the type of aggregate 
available, location of the structure, weather conditions, the “know-how” 
of the organization fabricating the panels, and other variables. Table 
gives recommended dimensions and specifications for various type panels 
It has been proved that a minimum thickness of 1144 in. can be obtained 
under factory conditions. Casting at the job site, under less satistactory 
conditions, upon a surface considerably different from those usually used for 


plant produced channel slabs and thin shells, a minimum thickness of |!5 


or 134 in. is recommended. Where labor and technical know-how leaves 
something to be desired, a 2-in. thickness is recommended. 
Shear ties 

Use of shear ties, to connect one shell to the other and to transfer shear 
from the center of the panel area to the boundary connections, is recom- 
mended for the majority of sandwich panels regardless of filler material. 
The only material that appears to be sufficiently shear resistant to warrant 
omission of ties is the compressed treated wood fibers in cement. Even then, 
most designers prefer to use minimum shear ties in tilt-up construction where 
the sandwich panels might be as large as 33 ft high and 20 ft wide. For smaller 
panels using a wood fiber filler and fabricated in a plant, where the panels 


L al 
SAA\r 
x x 4 I L 


Fig. 14—Types of shear ties: (A) thin-gage expanded metal, (B) strip of electrically welded 
mesh, (C) specially designed bent wire, and (D) specially designed J-bar 











8B 





CONCRETE SANDWICH PANEL‘ 
are intended as cladding for a steel frame, shear ties might well be omitte 


Some typical shear ties are shown in Fig. 14 


EXAMPLE WALL PANEL DESIGN 


It is desired to design a wall panel for a warehouse, Type | construction, 
where the height of the wall from floor diaphragm to roof diaphragm is 25 ft 
The wind design load is 20 lb per sq ft, and the seismic coefficient is 20 percent 
of gravity. The desired Ul’ for the wall panel is 0.22 Btu per hr per sq tt per 
deg F A comparison between a brick, concrete, and sandwich wall gives 


the following: 


Construction (Common tegular 


feutures brick concrete 


!’, Btu per hr per sq ft per deg I (). 22 (). 22 
Wall thickness, in 15 35 
Weight of wall per sq ft, lb 140 5 
Cross-sectional area of wall per 4-ft width, sq in 720 1680 


; 


From this it is evident that a sandwich wall will give the desired insulation 


at a reasonable cost 
It is decided (because of Cassy availability that a machine processed @X- 


panded slag could be used as lightweight aggregate for the sandwich filler 
Such a filler has the following properties: (1) weight——65 Ib per eu tt; (2 
compressive strength—560 psi; (3) transverse strength— 148 psi; (4) thermal 
conductivity A——1.60 Btu per hr per sq ft per deg F per in.; and (5) good 


workability if air entrainment is used 


Sandwich thickness 
We now calculate the thickness of insulation required to obtain a of 
0.22. It is believed that 1%4-in. outer shells of regular concrete will be satis- 


factory. For the concrete shell, x, 1.75 in., Ay 12; for the expanded 
slag filler, 2. thick, K» 1.60; inside face f 1.65; outside face | 6.0 


().22 


oo in. thick 
This is enough filler material to call for a check calculation using a more ex 
pensive material, for example, cellular glass 


K 0.38 
R r2/K 3.48 = 2,/0.38 
Therefore x 0.38 * 3.48 
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We would like to stay with a lightweight concrete filler if possible, so we 
calculate the thickness required using perlite concrete. 
K 0.85 
r,/0.85 = 3.48 
Ly 0.85 *% 3.48 2.95 say 3 in 
We now know the required thickness for three filler materials. It is now 
necessary to investigate the required section to span 25 ft from floor to roof 
or the 20-ft distance from column to column. The bending moment from 
both seismic origin and wind origin must be checked to see which condition 
is critical in design. 
Wind bending moment — Span 25 ft; W 20 X 2: 500 |b 
pr WL/S DO X 25 XK 1.5 18,800 in.-lb 
Seismic bending moment—Check weight of wall: (1) 3o-in. regular concrete 
12 Ib, (2) 3-in. perlite concrete 7 Ib, (3) total 19 lb, use 50 Ib. The 
unit lateral force equals 0.20 * 50 10 Ib per sq ft; therefore, the wind 
force governs design 
Check section using 3-in. perlite filler (Fig. 15) 
bi hy bah a 
66 cuin 
6 6 
F 18,800 5 3750 Ib per ft of width 
tequired steel area A 3750 /30,000 0.125 sq in., which is high for mesh 
Checking concrete stresses: 
f 3750/(12 & 1.75) ISO psi 
ignoring steel: 
fy f WS 18,800 66 275 psi 
The concrete stresses are satisfactory, 
but the steel requirements are too high 


for economical design 


Now let us check the bending moment when the wall panel frames from 
Since there will 


column to column, with the columns 20 ft center-to-center. 
he a poured joint at the columns, it is safe to assume that the moment will 
be at least WL/10, and that the span of the wall itself will be only 19 ft 
The new bending moment will be: 

V WL 10 MN 19 & 20 380 Ib 

V 380 XK 19 XK 1.2 S600 in.-lb 

I S00 5 1720 Ib 

{ 720 30,000 0.058 sq in 

\ sandwich material 4 in. thick would allow the use of 2 x 2-12 > 12 mesh, 
which is a well-balanced mesh for this thickness 


Checking for A factor required for a 4-in. filler: RR, 1A 3.48 and 


K 1.15 

The final decision for this situation is to frame the building columns (in 
this case we are assuming the spacing can be adjusted) on an IS ft 6 in. spacing 
(span of wall 17 ft 6 in Design bending moments will then be adjusted as 


follows: 
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W 17.5 K 20 350 |b 

M WL/10 = 350 & 17.5 & 1.2 = 7400 in.-lb 

F 7400/5 1480 Ib 

A, 1480 30,000 = 0.0495 sq in 

The 2x2-12/12 mesh provides an A, of 0.052, which is considered satisfactory. 
Shear ties 

The shear ties will be designed for the shear developed by the 18 ft 6 in. 
column spacing, but there must be sufficient ties to erect the panel. If the 
filler material is fairly shear resistant, it will take all the shear during erection. 
For this example the shear ties will be horizontal with 3-ft center-to-center 
spacing. Shear ties in the region of the embedded pick-up units will run 
vertically to take care of the shear from lifting. 

Maximum shear 5350/2 K 4 520 |b per tie at 3-ft spacing. Assume all shear in 

45 deg diagonal tie (critical) 

ad 1.41 & 520 735 Ib 

A 7735/1500 = 0.049 sq in 

Use 4-in. @ wire at 3-ft center-to-center; 45 deg bend at critical ends, 
30 deg at center past quarter-point 

For the erection loads use 14-in. @ wire at 2 ft 10 in. centers; four rows 
6 ft long at pick-up points 


PRESTRESSED SANDWICH PANELS 
The author believes that the ideal precast sandwich wall panel design is 
one that incorporates prestressing in the outer shells. Although it is not 
economically feasible for the smaller 8 x &8-ft or LO x 10-ft panels, it could 
be used advantageously for the large two- and three-story tilt-up panels 
that are possible today. Prestressing of sandwich panels has already been 
tried on an experimental basis (Fig. 16). The following example is worked 


out for a three-story prestressed sandwich wall panel 


——_ . . x 
Fig. 16—Construction of prestressed sandwich wall panel. Left—Forming the panel with diagonal 
prestressing units in place. The first 2 in. of regular concrete has been placed. Filler material 
was 4 in. of vermiculite concrete, which was covered with another 2 in. of regular concrete 
Right—Testing wall panel to determine buckling of shells and shear resistance of panel. Under 


heavy localized shear stresses, the shells and sandwich separated at the lower right corner of the 
panel 
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Let us use the general wall design 
developed on previous pages, using 
1%4-in. outer shells and a 3-in. sand- 
wich of perlite or expanded slag con- 





crete. The forees that will control 
the design will be the wind loads 
Fig. oe oa pt a Pree (20 Ib per sq ft) normal to the wall 

since the walls are non-load-bearing 
Distance between floors is 11 ft 4 in., but the design will be made for 12 ft 

i 12 % 20 = 240 Ib 

V/ WL ss 240 X 12 K 1.5 $320 in.-lb 

Since the wall panel has a section modulus of 66 cu in. for every foot of 
width, and since the design moment is 4320 in.-lb per foot of width at the 
critical section, tensile stresses from bending would be about 66 psi. If it 
is desired to have no tension in the concrete at design load, the outer shells 
can be prestressed, building in enough compression in the outer shells to over- 
come this 66 psi tension. Since there is 42 sq in. of shell material per foot of 
width, approximately 2772 lb per ft of prestress force is needed; this is 8316 
Ibevery 3ft. This can be accomplished by two 0.196-in. diameter prestressing 
wires spaced at 3-ft centers and stressed initially to 10,000 Ib. 

It is proposed that the shear ties also be used to center the prestressing 
wire as shown in Fig. 17. Since the prestressing wire is to be in the center 
of the light density sandwich material, a coating of gilsonite should be all! 
that is needed to keep the wire from bonding to the sandwich material. 


Pick-up analysis 


It is proposed that this wall be picked up by four-point pick-up as shown 


Fig. 18 (top)—Four-point pick-up proposed 

for tilt-up erection of three-story prestressed 

sandwich wall. Fig. 19 (bottom)—Critical 

section of wall panel in figuring erection 
stresses 
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in Fig. 18. The critical section would be that area just to the top of the 


top bond beam and the top pick-up points Kor a solid panel the bending 


moment would be calculated as follows (Fig. 19 
4 x 5O 150 Ib 
150 & 54 24,300 in.-lb 
WIS = 24,300 /66 = 358 psi 
lhe prestressing units will be 3 ft on center, with double units at the second 
vire in from the edge, giving a total of 11 two-wire units. The calculations 
ill he based on the assumption that only ten are acting 
10,000 * 10 
isxa° 
The tensile force left is then 358 126 2: his force can 
resisted by reinforcing steel, size of which is 
| 232 * 42) /50,000 0.32 sq in. per ft 
se °-in. @ bars on 8-in. centers 8 ft long centered on the bond be 
alternated with #<-in. @ bars on 8-in. centers 5 ft long 
It has been the author’s experience that it is possible to rely on the modulus 
of rupture of the concrete during erection. A calculated tensile stress otf 
232 psi is not excessive, and with a test cylinder ultimate compressive strength 
of 2000 psi, it would be possible to erect the panel without the extra steel 
just calculated 
The total weight of this panel would be: (1) sandwich area—-560 * 50 in 
28.000 lb; (2) beams-—-150 & 37 ft 5550 |b; (3) solid area—8O & 37 ft 


2460 |b; giving a total of 36,510 lb or say 184 tons. This could be handled 
with « 25-ton erane, although a 35-ton crane would probably be preferable 


Cost of fabrication 

The cost per sq ft of wall of fabricating the panel outlined above would be: 
0.01 
O.12 


|. Preparing casting platform 

2. Forming panels 

}. Reinforcing steel 
sond beams 0.250 |b @ 
Periphery 0.300 lb @ 
Shear ties 0.150 Ib @ 


0.700 |b @ 

Placing concrete 

Outer shells 

Filler material 

Finishing one side 
Prestressing 
rection 
Cast-in-place column 
Sacking, patching, et 
$1.25 


Total (per sq ft) 


The estimated construction cost of $1.25-1.35 per sq ft of erected panel 
includes the cost of the cast-in-place columns between panels. Some of the 
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smaller factory cast sandwich wall panels have cost as much as $2.00 per 


sy ft, not including the building frame. When the horizontal steel framing 
to support the panels is included, plus vertical column costs, the cost per 
sq ft of building exterior shell approaches $3.00 per sq ft of wall, column, 
and wall framing. 


CONCLUSIONS 


There is no doubt that the increasing use of precast concrete in the United 
States will also offer opportunities to utilize tilt-up sandwich wall construction. 

Building design and construction is being regulated more carefully. The 
pattern is clearly set that code requirements for exterior walls for Type I, 
I], and If] buildings will eall for a 4-hr fire rating. It is impossible to obtain 
a 4d-hr rating with thin-shell construction of 144 to 2 in. thick. Some building 
codes, following the example of the City of Los Angeles, require an 8-in. 
thickness of regular concrete for a 4-hr fire rating. Large tilt-up walls 8 in. 
thick are difficult to erect because of the weight. The proposed sandwich 
wall panel 33 ft high, 6!o in. thick, with two outer shells 144 in. thick, the 
filler of lightweight conerete, and prestressed--would meet the reduced 
weight requirements, provide excellent insulation, and offer one of the best 


opportunities to date to prestress wall panels economically. 





Title No. 51-7 


Production of Sand and Gravel’ 


By STANTON WALKERt 


SYNOPSIS 


Production of sand and gravel is discussed under three main groupings 
(1) development of deposits, (2) transportation to the plant, and (3) pro 
cessing Briefly detailed are prospecting and exploration, excavation, and 
transporting methods. Described in more detail are processes for washing, 
classifying, removing deleterious impurities, and crushing oversized materials 
A list of 32 selected references completes the report 


INTRODUCTION 


Sand and gravel are consolidated granular materials resulting from the 
natural disintegration of rocks. They generally oecur together, variably 
proportioned in widely available deposits. Their production consists of 
extraction, transportation to the plant, and processing the latter generally 
including washing, screening and otherwise classifying to size, crushing of 
oversize, and the elimination of deleterious impurities to the extent practicable 

Sand and gravel occur in a wide variety of deposits both above and below 
water. These deposits may consist of banks, pits, or the beds of streams, 
lakes or other bodies of water. The banks and pits may extend below the 
water level. Sand and gravel originate from the weathering of rock and its 
transportation by water. It may come from material deposited by glaciation 
or from residual materials broken down in place or from a combination of 
these. Consequently, mineralogically they are whatever their parent rocks 
were. The type of the deposit and the nature of the material in it dictates 
an extremely wide range in methods of production from extraction through 
final processing 

A first step toward the production of sand and gravel is a detailed exploration 
of the selected deposit to determine characteristics and quantities of material 
The sand and gravel should be examined as to mineral composition, quantity 
and nature of impurities, soundness, strength, and size and grading. The 
question of whether or not the material can be economically produced to 
meet the requirements of applicable specifications is one that can be answered 
only by sound engineering judgment, based on experience coupled with a 
careful survey of the deposit and the need for its products 

*Prepared at the request of and for the information of ACI ¢ 
und Handling. Received by the Institute Sept. 9, 1952. Title 
Amenican Concaere Inerirure, V. 26, No. 2, Oct. 1954, P 
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This short paper on sand and gravel production permits no more than a 
brief discussion of fundamental principles. A comprehensive treatment of 
the subject is impractical except in a work very broad in scope. The liter- 
ature, while considerable, has not been well correlated. It is hoped, however, 
that this statement of fundamentals together with references to sources of 
information will serve a useful purpose. 


PROSPECTING AND EXPLORATION 


Sand and gravel deposits, by the nature of their occurrence, are evaluated 
as to quantity and quality only by painstaking exploration. The exploration 
falls in two parts—a preliminary one to estimate the extent and general 
nature of the material and, if that is promising, a detailed one which will 
not only furnish reasonably accurate information as to quantities available, 
but also as to the quality of the material 


There are a variety of approaches to preliminary exploration. Information 
available from state topographic, hydrologic, and geological surveys, and 
from other federal and state government agencies often is of considerable 
value, Outeroppings, visible deposits under water, and miscellaneous avail- 
able excavations should be examined fecent developments in geophysical 
methods offer promise for rapid preliminary surveys. Resistivity methods, 
which indicate changes in composition of underground strata by differences 


in electrical resistance, seem most applicable 


Before any final answer can be secured, exploration methods must be used 
which provide representative samples. The relative amounts of sand and 
gravel must be determined and evaluated in the light of market demand 
and specification requirements. Grading of the material must be examined 
to determine if specification requirements can be met economically. The 
nature and amount of deleterious materials and the feasibility of their 
economical removal must be studied. The problem is complicated by the 
inherent lack of uniformity of many sand and gravel deposits due to the 
natural processes by which they were formed 


xploration methods which permit securing representative samples from 
land deposits include test pits and trenches, driving of pipes and excavation 
of material from the pipes by special bucket or other means, earth augers, 
churn drills, and other procedures for getting a cross section of the material 
For underwater deposits, dredges, both pump and ladder, eranes and buckets, 
draglines, and similar straightforward devices are used There are no 
short-cut methods 


There is relatively little literature dealing directly with prospecting and 
exploration for sand and gravel. In 1932, J. R. Thoenen of the U.S. Bureau 
of Mines prepared a 50-page discussion of the problems as a whole.' He 


discussed, in somewhat general terms, the occurrence of sand and gravel 


and the various methods of exploration applicable to different types. of 





PRODUCTION OF SAND AND GRAVEI 167 


deposits. The paper is out of print but should be available in many technical 
libraries 


\ symposium on prospecting was held at the 1950 annual meeting of the 
National Sand and Gravel Assn. R. Woodward Moore of the Bureau of 


Public Roads discussed geophysical methods of subsurface exploration and 


gave a selected list of references to the literature.? Experiences of members 
of the industry with augers, adaptations of well-drilling equipment, resistivity 
methods, and in underwater exploration are described in references 3, 4 
and 5 

General information on prospecting may be found in the Bureau of Recla- 
mation Concrete Manual, in the American Institute of Mining Engineers 
publication, /ndustrial Minerals and Rocks, particularly the chapter on 
“Sand and Gravel,”’ by Bror Nordberg,“ and in the American Society for 
Testing Materials 1948 Symposium on Mineral Aggregates, particularly the 
chapters on “Distribution of Mineral Aggregates,” by Ik. B. Woods,’ and 
“Production and Manufacture of Fine and Coarse Aggregates,” by N.C 


Rockwood.* 
DEVELOPMENT OF DEPOSITS 


Kxeavation of material from the deposit is the first step in) production 
For bank and pit deposits above the water level, excavation is ordinarily 
by power shovel, dragline, drag scraper, or slackline cableway Marth 
moving, tractor-combination machines sometimes are used in shallow 
deposits. Various methods, including light blasting, are used to break down 
the face of the pit or bank to make the material more conveniently available 
for excavation 

Most land deposits are covered by overburden. If it is light and sandy 
it may be excavated along with the sand and gravel and removed in the 
processing plant. If it is heavy, it should be stripped ahead of the exeavating 
operation. The same, or similar, equipment may be used for stripping as 
for excavation 

Draglines and cableways may also be used to excavate below the water 
level in wet pits and shallow streams. However, if the nature of the material 
and the quantity of water permits, it is common practice to use suction dredge 
pumps. After a pit is opened, the dredge may be used to excavate the above 
water material as well, it being broken down into the water by under-cutting 
by light blasting, or by other means 

For marine deposits both suction and ladder dredges are used. The suetion 
dredge generally delivers the material directly to the processing plant on 
land, or it may pump to a sump from which the material is pumped again 
Less frequently the material may be pumped to barges in which it ts tran 
ported to the processing plant 

The ladder dredge is used for deposits vhich are too consolidated or too 
coarse for suction dredges and for other reasons which may be dictated by 


economy of operation Sometimes ladder dredges deliver the materials 





168 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE October 1954 


direct to barges for transportation to processing plants but, more frequently, 
except in large wet-pit operations, the processing plant is on the same hull 
as the dredge 

Kixeavation is also done with crane and bucket, with dipper dredges and, 
infrequently, by hydraulic sluicing. Exeavation methods and excavating 
equipment used for production of sand and gravel are those common in the 
mining field, and are extensively described in the literature. The magazines 
Pit and Quarry’? and Rock Products'® pay particular attention to sand and 
gravel production and almost any issue will include descriptions of one or 
more operations. Another Bureau of Mines publication by Thoenen!! on 
developing sand and gravel deposits, written in 1933, deals with excavation 
from different types of deposits and gives references to descriptions of a 
number of specific operations 

The Pit and Quarry Handbook includes comprehensive chapters on 
dredging, stripping, pumping, and excavating pertinent to any consideration 
of recovery of materials from selected sources. Information of a more general 
nature will be found in the papers by Nordberg® and Rockwood® previously 
cited. There is also much general information, particularly on dredges and 
pumps, in Taggart’s Handbook of Mineral Dressing."* 


TRANSPORTATION TO PLANT 


After excavation the material must be taken to the processing plant 
Some of the methods of excavation incorporate methods of transportation 
to the plant-—as the suction dredge, the earth mover and, sometimes, the 
cableway serapers. For underwater deposits, barges may be used to trans- 
port unprocessed material from dredge to plant although more often pro- 
cessing is done on the dredge. When shovels, draglines, or similar equipment 
are used, independent means must be provided. These include narrow and 
standard gauge railroads, trucks (of all kinds and up to about 20 eu yd 
capacity), and belt conveyors. Each method has its place and its economic 
advantages, depending upon the nature of the deposit. 

Transportation from point of excavation to the processing plant is some- 


times done in two stages—a “surge pile’ being introduced between the two 


In the case of a dredge pump operation, material may be pumped to a sump 
and picked up by a booster pump for transportation to the plant. In the 


case of a land operation, excavated material may be transported to a storage 
pile (surge pile) by a selected means and then conveyed from that pile by 
any other selected means, generally a belt. This intermediate storage serves, 
among other things, to facilitate maintaining a uniform feed to the plant 
by divorcing it from complete dependence on the rate of exeavation 

The chapter on “Intraplant Transportation” in the Pit and Quarry Hand- 
book'® treats the several methods in considerable detail Taggart'® also 
deals with transportation, including some information on costs, and there 
is general information in the previously cited works of Nordberg® and 


Rockwood.? 
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PLANT PROCESSING 


Plant processing includes washing, screening and otherwise classifiying 
to size, crushing of oversize, and the reduction of deleterious impurities to 
the extent practical. Impurities which are soluble or suspendable in water 
generally can be washed out satisfactorily. Sizing and classifying can be 
done with considerable accuracy within the limits of the sizes available, 
although costs are greatly increased if it is necessary to waste much material 
or if too many or too close separations, particularly in the sand sizes, are 
required Deleterious materials may be reduced, but there is a limit beyond 
which such operations are neither feasible nor economical 

The processing plant essentially is a simple combination of conveyors, 
screens, crushers, washing and classifying equipment, and storage and load- 
ing facilities. Any attempt to illustrate a typical one or to show a typieal 
flow sheet would be misleading The plant must be tailored to suit the 
deposit and the market In the simple case of a land deposit, a plant might 
consist of the following elements: 

1. A hopper, or equivalent, to receive material transported from the 
deposit or surge pile. Generally this hopper will be covered with a “grizzly” 
of parallel bars, or equivalent, to sereen out boulders too large to be handled 
by the plant —in most cases a relatively small proportion of casual material 

2. From this receiving hopper the material will pass through a gate, 
controlled by a “feeder,” of which there are numerous designs, to a conveyor 
on which it is carried to the top of the plant on to the sealping screen \ 
belt conveyor Is generally the most economical Bucket elevators have been 
used and are still used but less than in the past. Skip hoists have been used, 
but sparingly 

3. The sealping screen separates oversize material from the smaller 


marketable sizes 


1. Material passing the sealping screen is fed into a battery of 


creens 


either vibrating or revolving. the number. size. and arrangement of which 


will depend on the sizes and number of sizes to be made. Water from sprays 


is introduced from the beginning and is applied throughout the sereening 
operation Krom these sereens the different sizes of yravel v be discharged 
into bins or on to conveyors for transportation to stockpiles or, in some 
cases, to crushers and other screens for further processing Phe sand PASSES 
to classifving and dewatering equipment and from there to bins or stor k pile 

5. The oversize from the scalping sereen passes to the crushers —-the 
size, number, and arrangement of which depends upon the quantity and 
nature of the material to be crushed 

() Crushed material may be re-elevated to the s ilping screen and, hence 
ina 
sizing operation. Which procedure is used will depend upon whether the 


through the plant or it may be subjected to an independent screening 


crushed material is salable as a separate product or merely represents an 


economical disposition of oversize. In some cases, the crushed gravel is used 
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for blending with natural gravel to meet specifications which put a minimum 
limit on quantity of crushed particles 


Washing 

Washing and sizing of sand and gravel are almost always done simul- 
taneously. Water is needed for efficient screening and, of course, is essential 
to water classification. Accordingly, whether or not washing is needed, water 
is introduced into the sizing operation if it is available. Dry sizing, involv- 
ing screening and air separation, has been used in some cases where water is 
searce. For sands and gravels containing loosely adhering and readily 
soluble or suspendable impurities, the minimum amount of water required 
for sizing is adequate for washing 


However, many sands and gravels contain clay, mud, mudballs, and 
organic impurities firmly enough attached to require thorough washing and 
scrubbing. Depending upon circumstances, adequate washing will result 
from the following, listed (roughly) in order of increasingly difficult conditions: 
(a) pumping material to the plant; (b) introducing enough water to facilitate 
screening; (c) providing adequate sprays on vibrating or revolving screens; 
(d) passing material through special sections of revolving screens in the 
presence of counter-flowing high-velocity water; (e) same as (d) except that, 
in effect, the revolving sereen is “blinded” (generally called a scrubber) and, 
perhaps also equipped with abraders in the form of chains or balls; and 
(f) passing through screws or log washers 


In short, the problem is to grind the sand and gravel together in the pre- 


sence of adequate water which is replaced frequently enough to carry away 


the impurities in suspension or in solution. A rough, order-of-magnitude 
rule is that a minimum of about 10 gal. of water per min is required for each 
ton of material produced per hr (600 gal. per ton). That is to say, a plant 
producing 500 tons of sand and gravel per hr (moderately large) would 
require about 5000 gal. of water per min. 


In general, washing presents no insurmountable obstacles, although there 
are exceptions. ‘Taggart!® and the Pit and Quarry Handbook'® describe the 
various processes in considerable detail. Occasionally, organic impurities, 
as revealed by the colormetric test, are so firmly attached and in such form 
that they cannot be removed by washing. The damage that they cause, 
if any, has not been well demonstrated. There is evidence that early strengths 
may be reduced somewhat but that later strengths are relatively unaffected 
Screening gravel 

The efficient use of screens is restricted to the coarser sizes, generally about 
l4-in. openings or larger although, infrequently, sizes as small as No. 10- or 
No. 20-mesh are used. The sealping screen, through which the raw material 
is introduced to the plant, may be a gravity screen (perhaps only a “grizzly” 
made of steel bars), a revolving screen, or a vibrating screen. It removes 
oversize material which is discarded or diverted to a crusher. The undersize 
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from the scalping screen, or from one immediately following it, is then pro- 


cessed through various screens to produce gravel of required sizes and to 
separate the sand. 

Sereening of gravel and the crushed oversize presents no special problems 
Vibrating screens are used in the vast majority of cases, although revolving 
screens, either conical or cylindrical, are sometimes indicated because of their 
aid in cleaning the material teferences 12 and 13 (Pit and Quarry Handbook 
and Taggart) previously cited contain excellent information on screens as 
applied to gravel 

The range in sizes from nominal minima to nominal maxima, together 
with feasible tolerances for over and undersizes, are well outlined in S:mplified 
Practice Recommendations for Sizes of Coarse Aggregate promulgated by the 
U.S. Department of Commerce.'* Closer sizes and tolerances are not con- 
sidered to offer advantages commensurate with the greatly increased cost of 
processing. The Simplified Practice Recommendations form the basis for 
grading specifications for coarse aggregate promulgated by the American 
Society for Testing Materials, the American Assn. of State Highway Officials, 
many state highway departments, and other authoritative and representative 
specification-writing bodies 

It should be pointed out that processing screens and testing sieves do not 
have the same clear openings for a given nominal size. ‘Testing sieves have 
square openings. with wire diameter and clear openings conforming to uni 
versally accepted specifications.'® Processing screens may be square, ree 
tangular, round, or of other shape. They may be made of woven wire or 
perforated plate. The only limitation on size or shape of opening of any 
processing screen should be that, for the nature of feed, conditions of loading 
slope, and capacity, it produces the size required. For example, a t-in 
round opening screen in the plant may produce material which, substantially 
has a maximum size of #4 in. as measured by standard testing sieves where 
sieving is to “refusal.’? Similarly, a plant screen with square opening of 
about 4 in., or larger, may be used to insure a nominal lower size of about 


No. 4 as measured by testing sieves 


Classifying sand 

Classification of sand as to size presents a major problem in the production 
of sand and gravel Sand grading, as it affects conerete quality, is more 
critical than gravel grading and this is particularly true for the leaner mixe 
The separation ol sand into different sizes does not represent a traightforward 
screening operation as in the case of gravel. In general, screens are useful 
only to separate the sand from the gravel and to make required separations 
coarser than about a 20-mesh sieve. From that point on, sizing is generally 
by water classification'® —although, as pointed out earlier, sereens, both wet 
and dry,'? and air separators are sometimes used 

In the vast majority of cases the sizing of sand consists only of separating 


it from the gravel and dewatering it in such a manner as to retain, so far 








172 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE October 1954 
as 18 feasible, an adequate amount of the finer sizes, generally those finer 
than a No. 50 sieve. For that purpose there is a wide variety of settling 
tanks and devices for recovering the sand and leaving the water behind. 
For example, an inclined screw conveyor in a suitable trough, with an apron 
overflow at the lower end, is frequently referred to as a serew classifier, a 
screw washer, or a screw dewaterer. The sand drag, rake classifiers, bow] 
classifiers, dewatering wheels, and other devices for removing sand from 
water, with a minimum of turbulence to retain the fines, all accomplish about 
the same purpose 

Generally, the natural grading of the sand is such that entirely satisfactory 
results will come from the relatively simple classifying methods referred to 
Sometimes, however, for best results more elaborate methods are required 
The most authoritative treatments of the general problem of sand _ classifi- 
cation are by Shaw!® in his book on sand settling and devices for settling 
and classifying sand, published by Rock Products, and Rockwood"? in his 
booklet on screening fine materials, also published by Rock Products. Vaggart'® 
treats hydraulic classification as applied to the mining field in considerable 
detail, The Pit and Quarry Handbook'® includes a well rounded chapter on 
“Sereens, Classifying and Washing.” 

The most common difficulty, particularly in water-transported materials, 
is the absence of fines. In many cases that deficiency has been apparent 
only and has resulted from inefficient dewatering methods or for other reasons, 
including loss of fine material during dredging operations. Obviously, if 
the fines are in the deposit, the solution to their absence in the finished 
product lies in revising processing methods 

When the fines are not available, the solution is to blend fine materials 
from other sources (frequently this can best be done at the batching plant 
or from crushing larger sizes. Not enough experience has been had with 
crushing larger sizes for supplying fines to natural sand to permit discussing 
the problem in specific terms. The tailings from crushers in general, and 
from impact crushers in particular, have proven helpful. Roll crushers have 
been used to reduce the smaller sizes of gravel, but not with widespread 
success. Considerable success has been had with ball mills in grinding sand 
to finer sizes fod mills have been used successfully and economically on 
some large public works projects where the sand has been derived entirely 
or principally from the crushing operation.'* 

\ common deficiency in the grading of natural sands, particularly those 
which have been water sorted in nature, is the concentration of an excessive 
proportion of the grains in the intermediate sizes It is probably this 
circumstance which has led to the requirement for excessive fines in concrete 
sand in an attempt to overcome, by additional fines, the harshness and 
tendency to bleed resulting from the high concentrations in the intermediate 
sizes. 

Reducing the proportion of intermediate sizes presents a difficult classi- 
fying problem. However, it may be accomplished with varying degrees of 
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success by the addition of fines as already discussed or by the actual elimi- 


nation of a portion of the excess sizes. The reduction in quantity of inter- 


mediate sizes (generally costly in wasted material) can be accomplished by 


a variety of classification methods which will not be discussed in detail here 
Rising current (of water) classification into different sizes represents the 
most straightforward approach. The collection and recombination of sizes 
settled at different points in various systems represents another. A classic 
treatment of the whole problem of sand classification is contained in the 
book by Edmund Shaw 


Crushing 


Gravel is crushed to reduce oversize, sometimes to produce angular 
particles and, sometimes, as discussed above, to produce the finer sizes of 
sand Another reason, discussed subsequently, is to reduce the quantities 
of soft and friable particles 

Crushers are divided into five general classes: (1) jaw; (2) gyratory, 
including cone; (3) roll; (4) impact, including hammermills; and (5) various 
grinding machines, including rod mills All of them find use in producing 
sand and gravel 

Jaw and gyratory crushers are most commonly used as primary crushers 
for sand and gravel. Secondary and later stage crushers are generally of the 
gyratory or cone type and sometimes are rolls and hammermills. [t is difficult 
to generalize since the problem of crushing depends so much upon the size 
of product and purpose of crushing 

Where simple size reduction is the objective, first and second stage and 
sometimes third stage crushers are used However, frequently, crushing 
operations «are performed for the principal purpose of eliminating soft 
particles or providing crushed faces In such cases the objective is to do a 
maximum of work with a minimum of size reduction. While any crusher 
lends itself to this type of operation, with suitable regulation of size and 
amount of feed in relation to crusher opening, the impact type appears to be 
best fitted for it 

Crushing gravel involves” substantially the same problem is Tor any 
material in the mining field, and the literature is voluminous red ( Bond 
and Frank E. Briber'’ presented an informative paper on “Principles of 
Crushing’ at the 1951 annual meeting of the National Sand and Cravel 
Assn ‘Taggart gives much information on the several types of crusher 
The Pit and Quarry Handbook? includes a chapter on “Crushing, Cirinding 
and Separating’ in which the application of different types of crushers 1 
discussed. There is further voluminous literature available, but that 


should furnish the necessary fundamental information 


Deleterious particles 


Among the more vexing problems of sand and gravel production is that 


presented by deleterious particles occurring as impurities in deposits. It 
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more pressing for gravel than for sand. In general, if a source does not con- 
tain basically suitable material, there is little that can be done about it. 
While there are methods which can be applied to reduce the quantity of 
many undesirable particles, there is a quickly reached limit beyond which 
such processing is neither economical nor practicable, 


Particles considered deleterious are generally classified as: soft fragments; 
thin and friable particles; shale; argillaceous sandstones and limestones; 
porous and unsound cherts; coated particles; thin and elongated particles; 
laminated particles; coal; lignite; and other materials depending upon im- 
purities prevalent in the locality. These categories may be further condensed 
into two general classifications so far as use in concrete is concerned—those 
particles which break down with little volume change and those which expand 
considerably and exert a disruptive force. 

Various attempts have been made to develop processing methods for 
reducing the quantity of these deleterious particles with only moderately 
encouraging results. It is self-evident that processing to separate selected 
types of particles from the parent gravel must depend on differences in strength 
and hardness, or in weight, or, to a limited extent, in size and appearance, 
or a combination of these 

Very soft particles, such as mud balls and some loosely consolidated con- 
glomerates, may be removed, or reduced in quantity satisfactorily by pro- 
cessing through log washers or scrubbers. At least one example can be cited 
of a deposit with the sand and gravel completely embedded in clay, where 
the high content of sticky clay is removed satisfactorily by log washers 
Numerous examples of fairly satisfactory removal of mud balls and the 
like by serubbers of various types can be cited. In general, only the simplest 
of scrubbers are used in the industry 

Particles such as those just discussed, while soft, do not fall in the category 
of those commonly identified as soft. The common category suggests sepa- 
ration by differences in hardness, which has led to the use of various types 
of impact crushers and “soft stone eliminators.”’ These have been used with 
varying success depending upon the material being processed. Their use 
introduces additional problems: (a) Inevitably, a bottle neck in the flow 
sheet is produced; (b) What shall be done with the crushed soft: materials? 
Shall they be permitted to go into the sand? In many cases that probably 
would not be harmful but in others it might; (¢) The quantity of soft materials 
cannot be reduced satisfactorily without, at the same time, breaking up con- 
siderable quantities of good materials; (d) Equipment maintenance costs are 
generally high 

Separation on the basis of weight found little application in the gravel 
industry until recently. Some simple jigs have been used to separate coal, 
lignite, and sticks teferences to the use of jigs for removal of shale and 
soft stone are in the literature. Taggart!® deseribes various types of jigs in 
some detail. Jigs require a greater difference in weight than generally exists 
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between the parent gravel and the material which it is wished to remove, 
except for such materials as coal and sticks where they may be used quite 
effectively 

Heavy-media separation (7.e., sink-float), developed in the mining industry 
within the past 15 years, has proven successful for making separation of 
materials differing in specific gravity. It is claimed that a range in specific 
gravity of as little as 0.02 makes separation feasible and that for a range of 
0.05, separation can be made quite readily 

In principle the process consists of floating out the lightweight material 
on a heavy “liquid” which is formed by suspension of heavy materials such as 
magnetite, galena, or ferrosilicon in water. Quartz sand suspensions have 
been used for cleaning coal for many years—the Chance process. ‘The maxi- 
mum specific gravity obtainable with sand, according to Taggart,'® is only 
about 1.8, which, of course, would not be applicable to aggregate processing 
Again according to Taggart,'® magnetite will provide suspensions of specific 
gravities up to 2.55 and galena and ferrosilicon up to about 3.3 for normal 
working conditions 

Modern heavy-media processes employing ferrosilicon, galena, or magne 
tite have been used quite widely in processing low-grade iron ore, cleaning 
coal, and concentrating zinc, feldspar, magnetite, manganese, and other 
ores.?°.?!.22.25 (Cases of its use In processing gravel are, as yet, relatively few 
The earliest was described in the April, 1949, issue of The Engineering Journal 
(the journal of the Engineering Institute of Canada),** the December, 1949 
issue of Pit and Quarry,” the February, 1950, issue of Rock Products,?® and 
the December, 1951, issue of Civil Engineering.2? Those articles deseribe 


, 


separation of gravel for use in the construction of airport runways at Rivers 


Manitoba, Canada. The gravel contained considerable quantities of shale 


and rotten granite and it is said that a satisfactory separation was made 
at an estimated operating cost of about 10 cents per cu yd. It appears that 
this figure does not include plant “write-off or any royalty payments 

Heavy-media installations have been made in at least three commercial 
gravel operations and these have apparently accomplished their intended 
purpose of removing objectionable lightweight constituents Obviously 
economy and the nature and amount of deleterious substances will limit to 
relatively few the plants which can advantageously employ heavy-media 
processing. Discussions of the application of that process will be found in 
references 28, 29, and 30 

The effieacy of hand-picked methods should not be overlooked. “Belt 
pickers” are familiar in the industry. Commonly, no more special provision 
is made than to provide a place for a man to stand or sit where he ean reach 
the moving belt. Sometimes a picking table, in the form of a widened and 
slowed-down section of belt, is provided. More elaborate devices are available 
but not commonly used in sand and gravel processing. A good job ean be 
done in the removal of certain impurities, (clay, chert, and large pieces of 


rotten stone) by alert workmen 
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MISCELLANEOUS 


It should be clear from the preceding that, although only relatively simple 
processes are involved, the production of sand and gravel involves possi- 
bilities for so many approaches and combinations of approaches as to become 
a complex subject. In anything less than a comprehensive and voluminous 
treatise, only the most general aspects of the problems can be touched upon. 
There are a number of subjects deserving discussion which are not readily 
classified and which will be discussed briefly in this “cateh-all’’ miscellaneous 


section 


Breakage in handling 


Handling and stockpiling can result in a great deal of undoing of the plant 


processing. Dreakage and segregation may result in significant changes in 
grading. 

Gravels are heavy materials and any handling results in breakage 
Accordingly, after screening, care should be taken to minimize the impact 
due to falling to the extent practical. Excessively high drops should be 
avoided. Where it is unavoidable that the conveyor discharge is at con- 
siderable height above the point of deposit, breakage can be minimized by 
the use of rock ladders*! or other means of interrupting the free drop. 
Sometimes breakage due to handling is enough that resereening and rinsing 
are required. It is not uncommon to rescreen and rinse gravel as it is loaded 
into cars and other conveyances. The best practice, however, is to handle 


the material so that this additiona’ processing will not be required 


Stockpiling 

Segregation is a problem of particular importance with gravel. Sand is 
not free from it but, since it is generally being handled moist, little segregation 
is likely to take place. The importance of segregation of gravel is diminished 
as the sizes are more closely graded. It is very difficult, almost impossible, 
to handle “long” gradings (No. 4 to 2 in. for example without objectionable 
segregation while with short gradings (!. to 1 in. for example) segregation 
which takes place may be relatively unimportant 

Aggregates should be handled in stockpiles and bins in a manner to mini- 
mize segregation of sizes. “Recommended Practice for Measuring, Mixing 
and Placing Concrete (ACT 614-42)'* contains some valuable suggestions 
for handling materials teference should also be made to the Bureau of 
Reclamation’s Concrete Manual and to the Pit| and Quarry [andbool 


chapter on “Open Storage and Reclamation.” 
Reclaiming 


Material in stockpiles must be reclaimed for transportation to point of 
use. There are numerous types of portable loaders for this purpose!? and 
conventional cranes are adaptable Stockpiling over a tunnel with reclaim- 
ing by belt offers many advantages including that of the ready blending 
of different sizes of materials. 
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Disposal of slimes 

Spent wash water generally contains considerable quantities of clay and 
other fine material in suspension. Frequently circumstances, including 
stream pollution regulations, make the disposal of this material a problem 
that of settling out the solids before disposing of the water or disposing of 
the suspension in such a manner as to be unobjectionable 

This problem only recently has become a prominent one in the sand and 
gravel industry, brought about by increasing attention to stream pollution 
The best procedures for handling it have not as yet been worked out. It is 
mentioned here as something which the designer of plant and appurtenances 
should have in mind. Settling ponds and filters appear to represent the most 


direct approach te-using the clarified wash water frequently represents 


an economy 
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Title No. 51-8 


Ultimate Strength in Shear of Simply-Supported 
Prestressed Concrete Beams Without 
Web Reinforcement 


VERT a1 


SYNOPSIS 


Tests were made on 34 simply-supported prestressed conerete beams with 
out web reinforcement All beams were rectangular in cross section and were 
reinforced with straight wires bonded throughout their length Variables 
included the prestress, the percentage ind type of steel, the concrete strength 
and the ratio of shear span to depth of beam On the basis of the result 
obtained, an hy pothesis ol failure Wis developed which is consistent with the 
phenomena observed in the tests and which provides the basis for a method of 
analysis capable ol predir ting the strength in shear of beams similar to those 
tested. This method of computing shear strength ean be applied also to 
ults ol 


beams of ordinary reinforced conerete, and COTMPArLSOns with the re 


tests show reasonably good agreement 


INTRODUCTION 


Because of the sudden and relatively brittle nature of shear failures, most 
engineers and writers of specifications are agreed that this type of failure 
should be avoided sefore this can be done, however, we must have at our 
disposal a method of computing the shear strength of a beam in terms of 
the many variables which may affect its behavior. This is a complex problem 
and one involving a great many variables, even for ordinary reinforced con 
crete beams, while the addition of prestress introduces further complications 
because of its effect on the formation of cracks due to diagonal tension stresses 

The tests and analyses reported in this paper represent the initial stages 
of a more extensive investigation aimed at the over-all problem of shear 
strength of prestressed concrete beams. ‘This first step was intended primarily 
to increase our understanding of the phenomens ind mechanisms of shear 


] 


failure, and to provide basie data which could be used in planning additional 


tests involving other variables 


Description of beams 
All of the beam 


through s 27 
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B-32 were tested on a 7-ft span with two loads, 15 in. each side of midspan; and all other 


beams were tested on a 9-ft span with two loads 15 in. each side of midspan. Dimensions 
of the individual beams are given in Table J 

Reinforcement consisted of cold-drawn wires having a measured diameter of 0.193 or 0.199 
in. ‘Typical stress-strain curves for the two types of wire used are shown in Fig. 1. Thirty- 
two of the beams (5-1 through 5-32) were post-tensioned. For these beams, a 3 x 2-in. hole 
vas formed with its center about 8 in. below the top of the beam. After the reinforcement 
vas placed and tensioned, this hole was completely filled with a sand-cement grout to provide 
bond. A small amount of aluminum powder was added to the grout to minimize shrinkage 
ind prevent the loss of bond The post-te nsioned beams were tested only two to three davs 
iter tensioning and grouting to minimize losses and thus provide better control of the pre 
stress force. Compressive strength of the grout at the time of testing ranged from 2000 to 
O00 psi as determined from eylinder tests 

Two pre tensioned beams (8-33 and S-34) were tested to determine if the rather large 
irea of the grout core had any effect on the results obtained. No such effect was noted 

Properties of the individual beams are listed in Table 1. Conerete strengths varied from 
2500 to S000 psi, with the majority talling between 3000 and 6000 psi. The amount of tension 
reinforcement was varied from 0.27 to 0.93 percent, including both under-reinforced and 
over-reinforced beams. Initial prestress in the steel was varied from 5000 to 150,000. psi, 
with most beams having prestresses of either 60,000 or 120,000 psi. The effective prestress 
/,, at the time of test was somewhat lower than the initial prestress and the value for each 
beam is given in Table 1. The ratio of shear span a to effective depth d was varied from 
2.8 to 6.7 


Measurements 
Strains were measured on the steel reinforcement with Type s AZ and Al2 SR-4 electric 


“train gages; on the top surtace ot the beam with Type s AY and All SR-4 gages; and on the 


TABLE 1—PROPERTIES OF PRESTRESSED CONCRETE BEAMS 
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HEAR STRENGTH OF PRESTRES 


sides of the beams at the level 
of the steel with a 36-in. gage 
length direct reading gage em 
ploving 4 0.001-in. dial indicator 
Deflections were measured 
with 0.001-in. dial indicators at 
midspan and under the load 
points on ill beams and also at ] Type I 8 
the one-third points of the span ' oS C189 
on the beams loaded at midspan : 2% offeet atreee,fy,te 208 210 
Dynamometers consisting of F UR. Tone. ctrongih,tel §=6840 848 
aluminum eylinders with electric ; 
strain gages attached were placed 
at one end of each reintoreing 


Stre 6 inch gage length 
1 to 


wire and were use menssure 


the initial prestressing force and Fig. 1—Stress-strain curves for wire reinforcement 
that portion ol the loss in pre 


stress occurring betore the grout had set fully 


MANNER OF FAILURE OF TEST BEAMS 


sefore cracking of the conerete, all of the beams showed essentially 
“elastic” behavior. Deformations were linearly proportional to load, and the 
load could be released and reapplied without changing the behavior of the 
beams The presence of prestress increased the cracking load and thus 
extended the range of elastic action 

As the load was increased. cracks formed and the deformations of the 


beam began to increase more rapidly than the load These cracks were 


vertical in the region of pure flexure between the loads but were inclined 


in the typical manner in the regions subjected to shear as well as flexure 

(Fig. 2 | 
Final failure occurred in all cases 

by crushing of the conerete in the com 

pression zone of the beam. Four of 

the beams failed initially in flexure 

In these beams, crushing occurred in 

the central portion of the beam over 

fully-developed flexure cracks and 

was preceded by “yielding” of the 

reinforcement \ fifth beam failed 

in flexure by crushing before the steel 

had yielded, but this was the result 

of the reinforcement being unbonded 

over the length of beam between the 

loads 
The remaining beams failed in shear 

In these beams, the inclined cracks 


due to diagonal! tension developed " ; 
Fig. 2—Typical patterns of cracking at 


much more rapidly than the vertical vlimete loods 
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cracks in the region of pure flexure 
Final crushing occurred, therefore, 
over one of the inclined cracks and 
adjacent to a load point. As shown 
in Fig. 2(c), these inclined cracks ex- 
tended much higher than the vertical 
cracks and thereby reduced the depth 
of the compression zone at the loca- 
tion where crushing occurred. Near 

Fig. 3—Typical beam after failure in shear failure, the principal inclined cracks 

on each side of the beam extended 
almost horizontally under the load point and invaded the “pure moment” 
region of the beam. In most cases, the crushing occurred on the midspan 
side of the load point, as shown in Fig. 3. Splitting of the beam along a hori- 
zontal plane at the level of the reinforcement also usually occurred at failure 
(Fig. 3). However, on the basis of observations made during the tests, it 
is believed that this splitting was a secondary effect, occurring after the 
destruction of the compression zone of the beam and having no significant 
effect on the ultimate strength in shear. 

Although both types of beams failed finally by crushing of the concrete 
in the compression zone, there were certain differences between the beams 
failing in flexure and in shear. For flexure failures, crushing occurred over 
a vertical crack after the reinforcement had yielded; in other words, these 


were typical tension failures. For shear failures, however, crushing occurred 


over an inclined crack and the reinforcement was well below vielding except 


for cases of nearly “balanced” failure 


On the basis of these observations, the concept was developed that shear 
failures could be considered as a type of premature compression failure 
resulting from the greater height reached by the inclined cracks as compared 
to the vertical cracks caused by purely flexural stresses. Measurements of 
strains in the concrete on the top surface of the beam showed that these 
strains were usually quite small except in the region where final crushing 
occurred, At this location, the concrete strains were in good agreement 
with those usually measured at crushing of beams failing in flexure. It can 
be seen from Fig. 2 that the inclined cracks are directed toward the load 
point, and the strains in the concrete tend to be “concentrated” in the region 
near the upper ends of the inclined cracks, that is, near the load point. This 
concentration of strain, together with the greater height of the inclined 
cracks as compared to normal flexure cracks, effectively weakens the com- 
pression zone of the beam and leads to a premature failure in compression 

A significant corollary to the concept of shear failure as a premature or 
modified compression failure is that failure occurs at some limiting moment 
rather than at some limiting value of the shear itself. The effect of shear in 


the beam is to cause the formation and growth of inclined cracks which 
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reduce the depth to the neutral axis and thereby reduce the capacity of the 
compression zone to a value below that for a similar beam failing in a region 
of pure flexure 

For the beams tested in this investigation, it has been possible to derive 
expressions for the limiting moment corresponding to the ultimate strength 
of a beam failing in shear. Since these expressions involve empirical 
coefficients derived from a limited number of tests, they must be considered 
applicable only to prestressed concrete beams similar to those tested 


Nevertheless, the successful use of the derived expressions to predict the 


strength of beams failing in shear is believed to substantiate the concept of 


compression failure at a limiting moment. It is important to note, how- 
ever, that an expression for the limiting shear-moment is not in itself sufficient 
to determine whether a given beam will fail in flexure or in shear. ‘The shear- 
moment expression applies only to beams in which inclined cracks have 
developed to such an extent that the capacity of the compression zone of the 
beam is impaired. Consequently, if the ratio of moment to shear is high, as 
in the case of long spans, a flexural failure may occur before inclined cracks 
have had a chance to develop In such a case, the capacity ol the beam 
would be determined by the ultimate flexural moment, which would be greater 
than the limiting shear-moment. The tests described in this paper provide 
no data regarding the effect of moment-shear ratio on the development. of 


inclined cracks and the final mode of failure of a prestressed concrete beam 


DERIVATION OF EXPRESSIONS FOR ULTIMATE MOMENT CAPACITY OF BEAMS 
FAILING IN SHEAR 


The analysis of beams failing in shear is based on the following assumptions which are 
essentially the same as those made in the derivation of expressions for became failing in flexure 

(74) It is ussumed that the maximum capieit of the beam is reached when the concrete 
crushes at some limiting value of strain, determined from. the inal « tests to be about 
0.004 

b) Tension stresses in the concrete below the neutral axis viected 

c) The stress-strain relationship | i feel remlborcemen issued to be known 

(d) The distribution of compressi stress in the coneret tt ultimate load is defined by 
three parameters, ky, ke, / is shown in Fig. 4. The val t« iSSIL to the parameter 


been determined empirically trom the t or} by timnat is deserthbed sub 
issumed that the re 
inforcement is bonded to” the 
concrete throughout its length 
The notations used through 
out the following derivations 
ire defined it the end of thi 
paper 
From Fig. 4, the resisting evel of stee 
moment of the beam at ultimate ’ 
load is obtained from a condi 
tion of equilibrium as 
V Td (1 


i, phd® (1 Fig. 4—Internal forces at section of failure in shear 
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A second equation of equilibrium requires that the total tension equal the total COMPpresslon 
7 Cc (2) 


f phd = kyksf.’bkd 


from which 


substituting bk 3) into 


phd —e (4 


The quantities b, d, and f.’ in eq. (4) are physical properties of the beam and are assumed 
to be known The quantities ky, ko, ks are properties ol the concrete stress block (Fig. 4) 
and for the time being are unknowns. Subsequently, however, the term ky is assigned an 
arbitrary value, and the product kyky is evaluated empirically from the results of the tests 
The other term appearing in Iq. (4) is f,,, the ultimate steel stress, which is unknown and 
which is, of course, the principal variable affecting the ultimate moment 

hiq. (4) is based only on the equations of statical equilibrium and is valid for any rectangular 
beam irrespective of the mode of failure. Its use for flexural and shear failures differs only 
in the method used to determine the value of the steel stress f,, at the moment corresponding 
to crushing of the concrete 

To derive an expression for f,,, recourse must be had to the deformations of the beam; 
that is, to the strains in the concrete and the steel. Total steel strain at ultimate load at the 
section of failure is most conveniently expressed as the sum of three parts: (1) The steel 
strain due to-prestress alone is designated as ¢«,., and the compressive strain in the concrete 
at the level of the steel, at the same stage, is «,. (2) As load is applied to the beam, the com- 
pressive strain in the concrete at the level of the steel decreases, and at some stage of loading 
it reaches zero. At this stage, the steel strain has increased to «. + e. (3) With further 
increase in load, the compressive strain in the conerete at the top ol the beam increases until 
failure occurs by crushing at a concrete strain e«,. During this stage, the concrete at the level 
of the steel is strained in tension by an amount designated as ¢.,, and the steel is assumed to 
undergo an equal strain. Thus, the total steel strain at ultimate load may be expressed as 


€ Gee 3" Gea “TC (.)) 


The terms €,, and €-, in hig (5) are known or can he computed easily, us cle sf rile | later 


However, before this equation can be solved for the ultimate steel strain ¢,,, the concrete 
strain ¢, at the level of the reinforcement must be determined. In the analysis of beams 
failing In pure flexure, it is usually possible to relate the concrete strain at the level of the 
steel to the known ultimate concrete strain ¢«, at the top of the beam by assuming a linear 
distribution of strain in the concrete throughout the depth of the beam. However, the presence 
of inclined cracks as shown in Fig. 2(¢) makes it unreasonable to assume a linear distribution 
of strain at the section of failure in beams failing in shear It becomes necessary, therefore, 
to resort to empirical, and approximate methods to obtain expressions [Tor the quantit 
é which is needed to determine « and thus / 

Although strains at the section of failure cannot be considered to vary linearly with depth, 
it has been assumed that such linear variation will apply to the average strains in the con 
crete over some length of the beam extending from the section of failure near the load point 
outward to a point beyond the region in which the inclined cracks are found. Neither the 
exact length of this portion of the beam nor the distribution of strain over this length can 
be determined from available data, and herein lies the approximate and empirical nature 
of the expressions which have been derived 

For the conditions at ultimate load, the average concrete strain on the top surface of the 
beam over some length is defined in terms of the ultimate strain at the section of failure as 


Kye Similarly, the average strain at the level of the steel over the same length of beam is 


nigett 





defines 


issues 


Evaluation of k 
Phe quantit 
shown in I 

moment 1 


hollowing ¢ 
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have little effect on the ultimate moment calculated from Eq. (4) and this is of course true 
Since a reasonable value for ke must lie between 0.33 for a triangular stress block and 0.50 
for a rectangular stress block, and since its effect on M,,, is small, it was considered sufficiently 
accurate to assign an arbitrary average value of 0.42 to ky for use in all subsequent calculations 
Evaluation of k; k 

The terms ky and ky always appear as the product kyky and have therefore been evaluated 
in that form as follows. Taking moments about the level of the steel in Fig. 4 

Vl kik; f.'bkud (1 — kek.) d 


from which 


keh 
(1 kok.) f bk 

For each beam tested, the value of kyk, was obtained by means of kg. (8) using 4 0.42, 
the observed moment at failure M,,.,, and a value for k, based on the depth to the neutral 
aXis as measured in the test. Values of kyky obtained from this calculation are listed in Table 
2 and plotted in Fig. 5 as «a function of the concrete cylinder strength f The following 
linear equation was fitted to the points in Fig 

keyk 1.500 0.715 * 10-8 fs (pst) (%) 
This equation is probably not valid for concrete strengths higher than those obtained in 
the tests since it is believed that kyky should approach some lower limiting value as the con 
crete strength increases. Similarly, there is no basis in these tests for using Inq. (9) for con 
crete strengths below those shown in Fig. 5.) In any case, it was felt that the scatter in the 
plotted points did not justify the use of a more refined empirical equation 
Evaluation of K«, 

The parameter AK introduced in kq. (64) always appears as a part of the product Ke,, and 


it is this product which has been evaluated empirically From Eq. (7), one obtains 


(10) 


In Kg. (10), the terms p and f.’ are known, «6, and «, can easily be computed for a known 


effective prestress, and kyky can be obtained from Eq. (8) The quantity f,, was obtained 
from Eq. (1) using measured values of M,), and k,d and k 0.42. Once f,, was known 
the strain ¢,, could be determined from the stress-strain diagram for the reinforcement 


20 
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Fig 5—Relation between kk, and concrete strength 
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Values of Ke computed from Kg (10) are given in Table 2 and plotte din] iv. O as a function 
of the effective prestress / Studies of the data indicated that Ke, did not vary in any con 
sistent fashion with DP, Je, ON the shear span ratio aid The only consistent variation was 
with the effective prestress f,,, and a line having the following equation was fitted through 
the points in Fig. 6 

Ke 0.00040 + 5 & 10°" f,, (psi) (11) 
The rather considerable scatter of the points in Fig. 6 is probably due in part to variations 
in the ultimate concrete strain e,, which has usually been observed to vary over a considerable 
range. Correlation between Eq. (11) and the plotted points in Fig. 6 is admittedly rather 
poor, and additional test data would probably lead to a different empiri il expression It 
is also necessary to point out that the relation expressed by hq. (11) probably applies only 
to rectangular beams, and certainly only to bonded reinforcement. The use of other shapes 
of cross section would change the pattern of cracking and the strain distribution in’ the 


concrete and would thus affect the factor K 


COMPARISON OF MEASURED AND COMPUTED DEPTH TO THE NEUTRAL AXIS 


The method of computing the ultimate moment for beams failing in shear 
that has been described in the preceding portion of this paper involves two 
parameters, kik; and AKe,, which have been evaluated empirically. Since 


two factors had to be determined empirically, it was necessary to utilize two 


separate measured quantities from the tests: ultimate moment and depth 


to the neutral axis. If, for example, only data regarding ultimate moment 
had been available, it would still have been possible to choose values of 
keh , and Ke, Which when used together would have been capable ol predict- 
ing ultimate moments However, these values would not necessarily yield 
correct predictions of the depth to the neutral axis at failure, whereas the 
expressions derived in this paper should 

Kor each beam tested, the depth to the neutral axis /,d was computed 
with the aid of Iq. (9), (11 (7), and (3 Measured values of kid were 


obtained by measuring with a seale the distance from the top of the beam 
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Fig. 6—Relation between K+. and effective prestress 
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to the level of the crack over which failure occurred. As can be seen from 
the crack patterns In Fig. 2(b) and 2(e), the level of the crack could be deter 
mined with a fair degree of accuracy because of the inclination of the cracks 
It was assumed in this measurement that the extent of the tension zone 
above the crack was small as would probably be the case at ultimate load 

Measured and computed values of 4, are given in T: »? together with 
their ratio The average ratio ot measured to computed values for beams 


failing in shear was 1.02 with a standard deviation of O.15 


COMPARISON OF MEASURED AND COMPUTED ULTIMATE MOMENTS 


The ultimate moments measured in the tests are compared with those 
computed from Eq. (4) in VPable 2.) The values tabulated are 1/ kha l’bd 
where the denominator is of course identical for the measured and computed 
values The average ratio of mensured to computed moment was 0.99 with 
a standard deviation of 0.063 

Measured and computed moments may also. be compared graphically 
but for this purpose a dimensionless form of Inq. (4) must be used to present 
the results for all beams on a single figure. If both sides of Iq 1) are divided 
by AykofJbd®, and if kh, is substituted for the term f,,p kilyf in accordance 
with leg 3), one obtains the following dimensionles eXpression 

V 


Kal hal 


In Fig. 7, this equation is shown by the solid line while the points represent 


measured values of ultimate moment plotted against the corresponding 
computed alue of | Since the term /ylaf,’ appears im the deonominator 
of both variables, the principal effect of variations in Ayhyf.’ is indieated by 
the departure of the plotted curve from a straight line 

The agreement between measured and computed moments ts sufficiently 
good to suggest that Iq. (9 and (11) reflect reasonably well the behavior 
of the beams in spite of the relatively large scatter of plotted points from the 
empirical equations in hig. 5 and 6 The ranges of concrete strength, rein 
forcement percentage, and 
prestress re presented by 
the beams tested are = in- 
dicated in Table | In ad- 
dition to these variables, 
the ratio of shear span to 
depth of beam was varied 
from 2.8 to 6.7, and over 
this range of a d the theo- 
ry based on failure at a 


limiting moment rather te os 010 ors y= 
o,= ae 
Oy, Ba!, 


than a limiting shear seems 
7—Comparison of measured and computed ultimate 


to be substantiated resisting moments using computed { 
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EFFECT OF PRESTRESS ON ULTIMATE MOMENT FOR BEAMS FAILING IN SHEAR 

It is evident from Eq. (11) as well as from other considerations that the 
magnitude of the prestress affects the strength of a beam failing in shear 
The effect of this variable is easily computed from the expressions that have 
heen derived. For a given cross section and type of reinforcement, and for 
a particular value of the effective prestress f,., the steel stress at ultimate 
f,, a8 determined from Eq. (7) can be expressed as a function of the term 
p/kyksfe'. 

Values of ultimate moment for various levels of prestress have been com- 
puted for beams similar to those used in these tests and for Type I steel 
(Fig. 1), and the results plotted in Fig. 8 Use has again been made of a 
dimensionless plot to reduce the results to a single curve for each value of 
prestress. The variable p/kiksf.’ has been made dimensionless in this case 
by introducing, more or less arbitrarily, the modulus of elasticity of the 
steel KF, to give the parameter Q’ in Fig. 8 The curves are cut off at their 
lower ends at a value of Q’ for which the steel stress at failure, found from Eq 
(7), was equal to the 0.2 percent offset stress since it appeared that the type 
of beam tested failed in flexure rather than shear for lower values of (Q’ 


LIMITS BETWEEN SHEAR AND FLEXURE FAILURES 


The dividing line between shear and flexure failures is not always clearly 


defined by the behavior of the beams under test. However, it is possible 


to make an arbitrary distinction based on the fact that the ultimate steel 
stress for beams failing in flexure is always well into the inelastic range whereas 
the steel stress for beams failing in shear is usually still in the elastic range 
or at least not much beyond it. Since the type of steel used in these tests 
did not have a well-defined yield point, the division between shear and 
flexure failures was arbitrarily placed at the 0.2 percent offset stress for the 
steel An attempt to separate shear and flexure failures according to this 
criterion is illustrated in 
Fig. 9. Beams falling above 
the line would have com- 
puted steel stresses at fail- 
ure less than the 0.2. per- 
cent offset stress for the 
particular steel in question 
and should therefore fail in 
shear. Conversely, those 
falling below the line should 
fail in flexure. The plotted 
points correspond to the 
beams included in these 
Fig. 8-——Computed ultimate moments for beam with Type | tests and in nt se 
steel failing in shear current investigation 


*Hillet, DD. I und Appleton, J. H Flexural Strength of Prestressed Concrete Bean AC] Journal 
1054, Proc. V. 50, pp. S37-S54 
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Fig. 9—Effect of Q’ and f.. on mode of failure 


The data in Fig. 9 are limited to beams of the type considered in these 


tests. The plotted curves do not appear to apply for effective prestresses 


greater than 130,000) psi \bove this value, the beams tested developed 


their ultimate flexural capacities before inclined cracks had formed. It may 
also be noted that beams S-2 and S-21 failed in flexure although the theory 
predicted that they should fail in shear. In both of these beams the inclined 
cracks for some reason did not develop to the extent that they did in the 
other beams, and the limiting moment computed for shear failure conse 
quently did not govern their behavior. It is evident from these anomalies 
that additional data are needed before the mode of failure can be predicted 


with confidence in all cases 


NOMINAL SHEAR STRESSES AND PRINCIPAL TENSION STRESSES 


In the present AC] Sulding Code (ACT 318-51) the design of ordinary 
reinforced concrete beams in shear is based on the ratio of the nominal shear 
stress to the cylinder strength of the concrete. The nominal shear stress is 
computed from the following formula: 

| 

hid 
where 7 is based on a transformed section and calculated ' y the usual straight 
line theory 

Nominal shear stresses computed from Eq. (13) for the maximum load on 
the beam, and the ratio of these stresses to the cylinder strengths of the 
concrete, are given in Table 2.) No use is made of these data in the inter- 


pretation of the test results other than to note that in some beams the nominal 
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ultimate shear stress was very low and that this quantity apparently is not 
“4 satisfactory measure of the ultimate strength of the beam. This, of course, 
is because leq. (13) involves only the shear whereas the strength of a beam 
failing in shear seems to be related more closely to the moment 


Current methods used for the design of prestressed concrete beams involve 


the calculation of principal tension stresses at working loads, presumably 


as an indication of the behavior of the beam in shear. Values of the maximum 
principal tension stress S, have been computed for the beams having the 
higher prestresses for a “working load”’ equal to the load at which the stress 
in the bottom fiber of the beam is zero. Since the beams of this investigation 
having prestresses less than 120,000 psi were not representative of typical 
designs, it was not considered desirable to assign “working loads’’ to these 
beams on the basis mentioned 

Values of the maximum principal tension stress S, at working loads are 
given in Table 2, together with ratio of S, to f,.’. In all eases the stresses were 
quite small and seemed to offer no clue as to whether or not the beam would 


fail in shear or whether web reinforcement should be used 


ULTIMATE LOAD CALCULATIONS FOR ORDINARY REINFORCED CONCRETE BEAMS 


Since there seemed to be no reason why the method developed for ealeu- 
lating the ultimate load for beams failing in shear should not apply in principle 
to beams of ordinary reinforced concrete as well as to prestressed concrete 
beams, a comparison was made with the results of tests on ordinary rein- 
forced concrete beams \ survey was made of the literature relating to 
tests of simple beams failing in shear and data were found for 27 beams 
without web reinforcement and 55 beams with web reinforcement. ‘Test 
data for these beams are given in Table 3 

In the study of prestressed concrete beams, the two empirical factors, 
kik, and We,, were evaluated on the basis of two sets of experimental data: 
the measured depths to the neutral axis kid, and the observed moments at 
failure For the ordinary concrete beams in Table 3, however, only the 
observed ultimate moments were available and consequently only one. ot 
the two empirical factors could be evaluated on the basis of the available 
test data It was assumed, therefore, that Eq. (9) for kyky could be used 
also for ordinary reinforced concrete beams, and the value of Ae, giving the 
best agreement between test and theory was determined by plotting 
M ac/k ih f ‘hd? vs Q for various \ alues of Ke This procedure gave a value 
of Ke, 0.00020 for beams without web reinforcement which is significantly 
different from the value of 0.00040 that would be obtained from leq. (11 
for prestressed beams with f,, Q. It is possible that a satisfactory empirical 
relation could have been derived for ordinary reinforced concrete beams by 
assuming We 0.00040 and determining an expression for kik, different 
from that given by leq. (9 Hlowever, the lack of data regarding the depth 
to the neutral axis for the ordinary reinforced concrete beams and the incom- 


pleteness of our present knowledge of the exact mechanism of shear failure 
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TABLE 3—RESULTS FROM TESTS OF ORDINARY REINFORCED CONCRETE BEAMS 
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Concrete Yield Shear Ut wilh keafe bd? 
Jeam strength atrens ' Web span @ load . 
No fe’ fy . reinf 4, E on Putt, 
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Jaupa, A., Siess, C. P., and Newmark, N. M., “Shear Stre of Simple-Span Reinforced seams 
Without Web Reinforcement,’ Structural Researcn Serve 52, Civil Engineering Studies, Uni of Ibi 


now, 1953. Span 9 ft. Loaded through a column st midspan 


3900 15000 0 0208 0. 148 1Q0g2 0.143 
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Standard Devis 


makes it difficult to choose between the various ways of deriving empirical 


expressions for the shear strength of ordinary beams. The procedure used 
herein is only one possible way of attacking this problem 
A similar study of the beams with web reinforcement led to the following 
expression for the parameter Ke,: 
Ke, = 0.00020 + 0.057 (14 
where 7 1 ratio of web reinforcement 
1 rea of two single stirrups at a Cross section 


stirrup spacing, measured normal to the direction of the stirrups 
h width of the beam 


The values of Ae, determined by the empirical method deseribed are plotted 
as a function of the ratio of web reinforcement rin Fig. 10. No shear failures 
were found in simple beams having ratios of web reinforcement greater than 
about 1.2 percent. For this reason Iq. (14) is not valid for r greater than 
this value. Beams with ratios of web reinforcement greater than 1.2 percent 
have been tested, but all of those which were considered in this study resulted 
in flexure failures 

The similarity between Eq. (11) and (14) suggests that web reinforcement 
in ordinary reinforced concrete beams and prestress in prestressed concrete 
beams have similar effects on the mode of failure of simple beams. As either 
the web reinforcement or the prestress is increased, the depth to the neutral 
axis at ultimate load, and thus the ultimate load, is increased for a beam 
with given properties. The increase in depth to the neutral axis is brought 
about by the restraint against development of inclined cracking which the 
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presence of web reinforce- 
ment and prestress impose 
on the beam. Although 
web reinforcement does 
not delay the formation of 
diagonal tension cracks as 
does the presence of pre- 
stress, it does retard their 
development once they 
have formed, and tends to 


Percentage of web Reinforcement irs cause a better distribution 
Fig. 10—Relation between Ke. and percentage of web of cracks in the shear re- 
reinforcement for ordinary reinforced concrete beams Pe ‘ 


gion of the beam 


Substitution of Eq. (14) into the expressions previously developed for 


prestressed concrete beams, but with the prestress equal to zero yields the 
relations between Mavu/kiksf.bd® and Q’ shown in Fig. 11. The form of 
this relation for beams failing in shear is seen to be similar to that for beams 
failing in compression 

The division between shear and tension failure can be assumed to cor 
respond to an ultitaate steel stress equal to the yield point. If this condition 
is substituted into Eq. (7), together with Ae, from Eq. (14), the following 
expression is Obtained for the ratio of web reinforcement necessary to pre- 


vent shear failure in a beam having a particular value of (’ 














Fig. 11—Relation between M..., and (Q’ for tension, shear, and compression failures in ordinary 
reinforced concrete beams 
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Iq. (15) has been derived only for simple beams subjected to one or two 
symmetrically placed loads, and is not valid for 


Ictober 1954 


values of 7 greater than 
about 1.2 percent since no shear failures occurred above this value for the 
beams studied. For this same reason, it is not possible from available data 
to determine the boundary between shear and compression failures. It 
seems evident from the curves in Fig. 11 that simple beams cannot be made 
to fail in compression unless a fairly large amount of web reinforcement is 
provided, or unless the ratio of moment to shear is large enough that the flex- 
ural mode of failure dominates and inclined cracks do not have a chance to 
develop. None of the test data studied contradicted this conclusion 

The test results for ordinary reinforced concrete beams failing in shear 
that were studied in connection with the development of Eq. (14) are given 
in Table 3. Measured and computed ultimate moments are compared in 
the table and also in Fig. 12. The values of f,,, used in the calculations and 
in computing /&, for Fig. 12 were obtained from Eq. (7) modified for zero 
prestress and for the stress-strain characteristics of ordinary reinforcement. 
The following equation was used: 


Ke ) (16) 


The term kik; and Ae, were determined from the empirical Eq. (9) and (14 
respectively 


o« 


ot Ne ae 








© Morett< 

® Moss inst 
AP Clark 

x & Loupe 











f 
i> 
hate 


Fig. 12—Comparison of measured and computed ultimate resisting moments for ordinary reinforced 
concrete beams failing in shear 
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The agreement between measured and computed ultimate resisting moments 
of ordinary reinforced concrete beams failing in shear is seen from Table 3 
and Fig. 12 to be satisfactory. The average ratio of measured to computed 
moment was 1.021, with a standard deviation of 0.10 


SUMMARY 


The principal conclusions that can be drawn from the tests and analyses 
presented in this paper are as follows. 

|. Ultimate failure in shear of simply-supported rectangular prestressed 
concrete beams of the type tested occurred by crushing of the concrete in 
the compression zone of the beam over an inclined crack. Crushing occurred 
when the strain in the conerete reached a limiting value, and the ultimate 
load was controlled by moment rather than by shear The effeet of shear 
was to cause the formation and propagation of inclined cracks which, for shear 
failures, penetrated «a greater distance into the compression zone than ver- 
tical cracks formed in a region of pure flexure. Shearing stresses in the com- 
pression zone of the beam were not considered to contribute to the failure 

2. Ultimate strength of a beam failing in shear can be expressed by 
equations of the same type as those used to express ultimate moment capa- 
city of a beam failing in flexural compression These equations, however, 
have been modified empirically to take into account the reduced capacity 
of the compression zone resulting from the greater height of the inelined 
eracks and the concentration of angle change at the critical section 

3. On the basis of limited studies involving only simply-supported beams, 
the concepts ol shear failure developed lor prestressed concrete beams seem 
to apply equally well to beams of ordinary reinforced concrete 

!. An increase in prestress in the prestressed concrete beams or an increase 
in the amount of web reinforcement in the ordinary reinforced concrete 
beams effectively increased the strength in shear. The effect of these two 
variables is believed to be similar since both act either to delay or inhibit 
the formation and propagation of inclined cracks 

The conclusions stated above are of course limited in applicability by the 
scope of the tests. It should be mentioned, therefore, that the investigation 
of shear strength of prestressed concrete beams is being continued and that 
additional variables are being studied. Special attention is being given to 
the strength and behavior of I-beams. 


ACKNOWLEDGMENT 


This study was carried out in the Structural Research Laboratory of the 


University of Illinois as part of a cooperative investigation of prestressed 


concrete for highway bridges sponsored by the Illinois Division of Highways 
as part of the Illinois Cooperative Highway Research Program. ‘The U. 3. 
Sureau of Public Roads participated through grants of federal aid funds 
This paper is based on a Ph. D. thesis prepared by Kk. M. Zwoyer in the 





200 JOURNAL OF THE AMERICAN CONCRETE INSTITUTE October 1954 
Department of Civil Engineering under the direction of C. P. Siess and 
N. M. Newmark, research professor of structural engineering 

Thanks are extended to P. C. Gardner, Research Assistant in Civil Engineer- 
ing, for his valued assistance in connection with the tests and analyses. and 
to J. Hf. Appleton, research associate in civil engineering, for his help in 
solving many problems associated with the test program and for his assistance 
in all phases of the work and in the preparation of this paper 


NOTATION 


Wherever possible, the notation used is consistent with that reeommended 

by the Joint ACI-ASCKE Committee 323, Prestressed Reinforced Concrete.* 
shear span, distance between load Ky « iverage compressive strain on top 
point and nearest support surface of the beam over some 
total area of tension reinforcement length of the beam at ultimate load 
area of web reinforcement in ordi 9 €, average concrete strain at the level 
nary reinforced concrete beams of the reinforcement over some 
width of rectangular section length of the beam at ultimate load 
total internal compressive force in ‘ K,/ Kz an empirically deter 
concrete at ultimate load (Fig. 4) mined parameter 
effective depth to center of gravity span length of the beam 
of reintorcement M ult bending moment at ultimate load 
modulus of elasticity of steel A, ‘bd ratio of tension reintorce- 
compressive strength of 6 x 12-in ment 
cylinders total concentrated load on beam 
steel stress due to effective pre lt totul concentrated load at failure 
stress force at time of testing Ep /kykaf- a parameter defining 
maximum steel stress at failure of the properties of a beam 
beam 1, sh ratio of web reinforcement 
yield stress of mild steel reinforce in ordinary reinforced concrete 
ment, or 0.2 percent offset stress beams 
of wire reinforcement in prestressed : spacing Ol stirrups, mie isured nor 
beams mal to the direction of the stirrups 
ratio of lever arm of tensile rein ‘ principal tensile stress 
forcement to effective depth to total tensile force in reinforcement 
stee] computed by straight-line at ultimate load (Fig. 4) 
theory for ordinary — reinforced V /bjd = nominal unit shearing stres 
concrete beams shear in beam 
ratio of area under concrete com . shear at ultimate load 
pressive stress block at ultimate compressive strain in coneret it 

load to area of enclosing rectangle the level of the reinforcement due 

ratio of distance from top ol beam to effective prestress force 

to centroid of the COTA Press Ve strain in conerete at 

stress block to depth of the neutra the reinforcement 

axis (Fig. 4) . maximum moment 


ratio of maximum conerete com strain in steel due 


pressive stress in beam to com 
pressive strength of standard 6 

12-in. cylinders (Fig. 4) maximum moment a timate load 
distance trom top ol beam to neu ultimate COMMPressi 


tral axis at ultimate load (Fig. 4 concrete 


*ACI-ASCE Comn ; Proposed Definitio 
Oct. 1952, Proc. \ ‘ 





BY WAY OF SYNOPSIS 


using the Ma iMUrin series to represent the elastic curve, ik lL  SUNDARA 
Rasa lYeENGAR presents a direct method for determining fixed-end moments 
in beams with wregular loading 


IrnvING B. Rav describes th of concrete ring Wales in simplifying 


dam constru 


D.G NORMAN resen erences © published mniormation on a unit water 
content law 


Determination of Fixed-End Moments in TY _ nee Loading 


Without Use of Formulas from Handbooks (|.2 ' 


The method Ol determining fixed-end mation, gives j how uv ition tor the 
moments in beams with irregular loading bending moment at point ina beam 
without use of formul from handbooks as 
presented b Joseph Zalkin' makes use o 
false reactions Another method suygvested 
b lL Rudchenko ind W ] VMieNels divides . differentiation 
triangular loads into I-ft segments, and the 
incremental loads are considered as cone 
trated loads at the center of each 
moments due to the individual con 
loads are superimposed and the fi 
moments are obtamed vh bending moment 

\ more direct solution to this problem is hear at the point 
presented here by representing the elas intensity of the dist 
line of the beam by the Muaclaurin series loading 
method due to Hetényi®), This method is EI flexural rigidit 
eXplaine { here andthe sary numerical li 
example used by Zalkin ind Rudchenko 
ind MeNel is worked out by this method 


f(r) represents the flection curve 
big lu) tor the beam, the 
point a2 from the origin 
lor COMparison Maclaurin sort 
Klementary theory of bending of beams 
based on the issumption that plane cros 


sections of a beam remain plane after defor 
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Fig. 1a—Deflection curve for y 


f(x). 
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Fig. 1b—General case for Eq. (4) as an extension of 


Macaulay's method 


- i" (Q) (4 
{7(O), "(O) denote the y 
its derivitives at the origin, 2 
have 
(deflection at the origin) 
4, (slope at the origin) 
M,/El 
V./El 
q Kl 
intage of using this equation for 
the elasts 
the pl il nature of the problem gives the 
Villles ¢ Sy ee 
eXUM pe i! 


the |e 


curve lies in the fact that generally 
, and q, easily. For 
a simply supported beam, with 
ipport taken as the origin, we have 
0, M 0, and M, «, 0 

are known from statics. Hence 

the series tor y can be written easily and any 
quantit 


moment, shear, slope, or deflection) 


at oat point along the beam, can be ealcu 
This method 
statically 


minute beams, as will be 


luted simple substitution 


Is equ applicable to indeter 


shown in the 
rurne i) example which follows 

Representing the elastic curve y 
the \I 


the fur 


f(r) b 


urn senes assumes continuity of 
tion representing the deflection curve 
and ts derivatives However, in the 
case of a concentrated loading, a discontinuity 
force at the 
the load, 7.e., 


! derivative of y f(x) 


eur ! the shear point ol 


application ol a discontinuity 
in the thire Similarly, 


a couple acting at a point produces a dis 


continuity in the bending moment at the 
point, ie, in the second derivative of the 
fur tior lo eover all such CUSCE, hig (4) 
can be modified as an extension of Macaulay’s 
method 

teferring to Fig. lb the modified equation 


will be 


ilues 


EI 
The terms in the brackets should be 
preted as (where z is any function) 


(z)" s* 


il 218 positive 
0 if z is negative 


With 


applicable to any system of arbitrary loading 


such modifications, the method = is 


Example 
In the 
O4 On 


numerical example in Fig. 2 


0, and ya VB 0. The series 
for the deflection curve for the fixed beam 1s 
A as origin) 


1 Mac 
2! ET 


(taking 


Putting x 15, we have 

0 112.5 Ma 562.5 V4 393.17 

Differentiating Eq. (7) and putting z 

0 15 M4 112.5 Va 162.76 

eliminating V4 from hq. (8) and (9) 
U4 11.22 kip-ft 





Fig. 2—Beam for numerical example 
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tiating keg. (7) twice and using Eq. (1) 
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15 and V4 
15V4 
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theory for the analysis of statically inde 
terminate reinforced concrete frameworks and 
the calculation of the ultimate strength of 
reinforced and prestressed concrete beams 
Some data on tests of prestressed beams and 
cylindrical shells were included 


Current paper presents additional data on 
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the tests, and describes a trial-and-error 


“plastic-hinge’” method of analyzing rein- 


forced concrete Trames 4s several 


Method in 
the plastic 


many 48 


hundred times indeterminate 


volves assuming the location of 
hinges and the values of the plastic moments 
trial 


zero resultant 


in the frames and adjusting them by 
and error until conditions -of 


rotation at the hinges and nonexcessive 


strains or deflections are attained. Goal is 
selection of hinge locations, plastic-moment 
values, and relative stiffnesses of members, 
“so that the distribution of bending moments 
prior to failure is economic and so that per- 
missible strains and deflexions under working 
load are not exceeded.” Adjustments ol 
chiefly by 


reintorcement; conerete 


the bending strength are made 


varying the area of 
cross-sections, in general, remain unchanged 
from those originally assumed 

Of some interest are two innovations: the 


device of plotting each bending moment 


case On & separate eard and then computing 
the resultant rotation 


at each hinge by inte- 


gration, WwW hich is 


these 


performed by “playing” 


eards against each other the author 


has very aptly named this “structural 
patience’ (pp. 282-283); 
C. ¥. Yu (pp 
ihacus is included it 


demonstrated that the 


an appendix, by 
399-310) on the use of the 
that My Yu 


calculations dese ribed 


SCOTS 


in the paper could be carried out more quickly 
with an abacus than with a slide rule or a 
desk calculating machine 

Additional, and very interesting, discussion 
ippears in the proceedings, Part III, V. 3, 


No. I, Apr 1054, pp 280-310 


Use of graphs and nomographs in engineering 
design (in Spanish) 
Epuarnpo ANAL, Ie 
Venezuela (Caracas), No. 213, Dee. 195 
No. 214, Jan. 1954, pp. 4-12 

teviewed by Josern J 


ta del Colegio de Ingenieros de 
$ 


pp. 21-31 
W ApbvELI 


This article, in two parts, covers the con- 
struction ol nomographs and charts for the 
graphical solution of problems In the words 
of the author: “The 


these articles are not 


ideas expounded in 
claimed to cover the 
extensive field of modern nomography ; their 
principal object is to awaken (in the reader) 
eurlosity concerning this valuable tool for the 
designer 

While there is abundant literature on this 
is calculated in english 


subject, most ot it 





ds nad 


Olio 


Determination of the stresses in a beam of 
prismatic section (Determinacion de las ten- 
siones en el timpano de sistemas plegados) 


rhotmbowd 


Pavements 


Report of committee on curing of concrete pave- 
ments 
1. H. Swa 


\ 


‘I his 


questionnaire 


report Is it ummayr ol replies tou 


prepared by the Committee on 


High 


stute 


Curing of Concrete Pa 


Board 


federal 


vermments of the 


vay Research ind sent to each 


ind to five 


wencies. Information was 


received on such items as (1) curing methods 


permitted and extent of their use, (2) test 


kinds, 


preferences ol 


methods receptance limits rate ol 


ipplication and 


membrane 
orming compounds, (34 


provisions governing 


the opening of pavements, (4) order of pref 


erence ol 


euring me thods or material 


ided for 


ind (5 


peclal conditions prov curing con 


rete in cold weuther 


wembra 
per 
| rhierite 


ig 


equal 


hemiiorea 


Soil cement and concrete roads 


Precast concrete 


Vermiculite concrete for roofs and wall panels 
he / li p | 


; 


Describes precast 


concrete 


vermiculite concrete wall 


panel 
truction procedure lor 


eoncrete rool lal 


Deep piers 
pp. 30 


formed with huge precast units 


\ Record ,M 


1, 1954 
J. Cuamus 
Deep-water piers for a 4-mile bridge a 
San Francisco Ba 
shells 


is Outsicle 


ire being built of pree 


concrets iwsembled under water to 


forms tor treme placed Con 


crete Steel piles up to 200 ff long are drivel 
through t heavil 
which i 


treme 


reinforced conerete ten 


plate ilso used as the bottom 


for the concrete and a t sent 


lower shell sections Space between 


me grou 
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Hollow 


ind 


crete shells, & ft 


concrete 
14 Hf 


ind partial 


bottom 


high from to ft in diameter 


filled 
the 


positioned with concrete 


\ 


4 COn 


to bond the structure to piles 


pau 
ol twin trunented cones 
shell 


on top ol 


eonunmects d by 
crete 
1OD 
Next 
lO] 


ind weighing 
the 
shafts 


tuke 


diaphragm up 


tons Is set bottom she 


comes concrete 


ih 


water 


weighing up 


ton ‘ that 


the 


the structure 
The shiss 


a below-water di iphragm 


pier 


nhove line two Its are 


The 


eon 


connected b 


entire pier assembly is filled with treme 


erete trom a floating concrete pl int 


Prestressed concrete 


Prestressed panels used in concrete roofing job 


Contractor nd Engineer \ ] . 4 6, June 1054 


pp. 52-44 


Describes precast 
blocks 
with 
used to rool 


Au 


assembled 


prestressed panels, mace 


ol tein conerete tied 


lightweight 
| 


ol 


together 54-in and min steel rods, 


at Biggs 


luctor 


a single-story building 


Bu The 


panels eliminated 


the ~ 


the 


bores ~ use ol 


need tor 


shores and under-pinning 


Comments on a prestressed concrete bridge 
(Bemerkungen zu einer Spannbetonbruecke) 
H. Meryen-Lanessen, Der Baugingenieur (Verlu \ 
28, No, 10, Oet, 1954, pp. 456-45 
Reviewed t 


Anon L. Mitose 


Bridge, replacing a war casualty over the 


Wuemme at Bremen, consists of a 20 om 
thick slab supported b 
There 
Span 
(19.7 
all 
Article 


design 


two | shaped girders 
5S moon centers no cross beams or 
33.1 (108.7 


are 


diaphragms Is 2m ft); 


4 
Design loading is hea 


widths are 6 om between curbs 
m (30.8 tt) over 
(Class 40) 
with the 


stressing 


concern d 


the 


Is prim irily 


and execution. ol 


pre 


Prestressed concrete beams: the economical 


shape of section 
Reainato G. Ronenrson, Proceeding Institution of 
Civil engineer Londo Part III, V. 3, No. 1, Apr 
1054, pp. 242-247 

Ke Anon L. Minsky 


iewed by 
: 
Author 


nondimensional coefficients for 


presents a design chart relating 


moment due 
to superimposed load alone to cross-sectional 
aren ol I shaped beams, in terms ol spun and 
lor 


allowable concrete stress, various ratios of 


web thickness to beam depth Use of chart, 


illustrated by an example, results ino rapid 
evaluation of cross-sectional areas and work 
ing-load moments, hence rapid preparation of 


several designs from which the most economi 


( 


( 
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eal Gin terms of costs of cables and concrete) 


may be selected 


Strain gage tests on prestressed concrete beams 
4. T. Wawenicn, Canadian Conference on Prestressed 


{ ity Ktensio Lnive 
Por », Lod 


f 
pp 
Describes briefly tests full-sized 
4()-ft 
Also describes 

! 


small industrial 


on pre 


stressed conerete beams, one beam and 


OO-1t 


1 bn 


Corie beam use Of pre 


-Tress¢ 


ims in a building 
Prestressed girder in a new bank building 
(Rahmenbinder aus Spannbeton in einem Bank- 
neubau) 

4 ht 

; 11, No 952, pp 


Berli Vv. 43 


Reviewed by Kupo ten isc 


The 


eight-stor 


new building of the Berlin Bank is an 


reinforced conerete frame with 


three bays of about 20-ft span. To provide a 
hall in the first floor without interior supports 
the column load of the upper seven. stories 
had to be supported by a girder of 60-ft span 
available height of only 63 in. With 
concentrated loads of 800,000 Ib the third 
ports, a pre stressed conerete girder (Dyvwid iy 
the 
The girder is part of a fixed frame 


at the first 


with an 


ut 
vstem) was chosen as most economical 
solution 
with a 


tie level and founda 


‘I he 


two operations 


tions under the basement floor cables 


were 


thes 


prestressed in First, 
were prestressed with half the maximum 
After the ol 
two months the 


stressed and grouted 


stress 


erection 
later, 


four stories 


nhout cables were 


comple tely 


Measuring loads in wires. Two simple devices 
to ensure accuracy in prestressing 
WB. Cruarker, Engineering (Londor \ 


June 25, 1954, pp. 812-815 


177 


wis 


teviewed by Anon L. Minsky 
First device (the Cambridge tension indi- 
stiff double 
attached dial 
Instrument is mounted on a long-line stretch- 
ing bed 


stool and two wire rips 


eutor) consists of a cantilever 


steel spring with indicator 


with aid of a three-legged reaction 
Second device (the 
Building Research Station tensometer) is a 
dead-weight balance using a bell-crank lever 
\ tell-tale light is incorporated to indicate to 
the the load 


has been reached; if wire creeps, light goes 


pump operator when desired 
on again and remains on until desired load 
has been reestablished by operation of pump 
each 
device has its comparative advantages and 
fully 
gether with design and methods of use 


Calibration is against a proving ring 


disadvantages which are discussed, to- 
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Introduction to prestressed concrete theory 
Hane hy M ( ( P 


the 


ture j pore 


Plymouth’s new prestressed concrete footbridge 


Theory and design of axially loaded pre- 
stressed concrete tension members 
\\ of r 


\uthor 
theaor 


mecluded 


Prestressing applications expand abroad 
‘ ; 


wil 
wil 
buttre 
thy 
stresses 


longitudinal 


same count 
se prestress 
longitudin 
hndrical beylae 
tinuous-girder 


hcurope recent 


Prestressed concr 
stresses 


Prestressed shell roofs (Voorgespannen beton- 


daken) 


hell rool 
predomina 


ntage. One 





ce por re 
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future nrine iye tress¢ i trou ‘ 


pect of shell construction 


ruction is exceeding! well fitted to 


ol prestressing and it is therefore 


thin shell ‘truction and 


eon 


sing have developed independent! 


Lol prestressing having been developed 


outcome ol hell construction 


ckness of cables determines the mini 


thackrne Vhich ean be attained because 


erage requirement | unples of High 


rool structure shown 


vtooth-t pe rool 


Prestressed concrete buildings 
Pi 4. By The 


‘ 


ey criptions of construction methods used 


on four prestressed concrete buildings recent] 


tructed in Canada three large wire 


Con 


house ind an arena That prestressed con 


is now competitive, and selected on its 


structural or economic merits, is emphasized 


Properties of concrete 


Pulse velocity testing of concrete 


Proceeds ASTM, \V 


review of the use of the SOnscopye boy the 


dro | lectrie Power ¢ omnmission of On 


howing the fields in which it is finding 


st usefulnes ind indicating the 


limitations that have been encountered \p 


plications ke eribed elude Surve _ ol 


in massive hydraulic struetures, dura 


condition surve of old strueture 
early strength de 


ind 


ind 


velopment in con 


lahborator studies involving its 


mechanical properties 


Effect of detergents on concrete strength 


In recent years artificial lubricants 


been introduced into conerete to miuinimize 


the amount of excess water and to incrense 


‘I his 
detergent, 
Tests 


ibility at low water-cement ratios 


work 
eflects ol a 


this 


paper discusses the 


“Stergene, used for purpose 


were made and on the basis of the findings 


it is concluded that the benefits of increased 


workability outweigh the disadvantage of a 


small loss in strength 


Use of internal-surface-area measurements in 
research on freezing and thawing of materials 
HK. | IsLAInke, ¢ M. H and I \ Domes, P 
ee j hw heseu board 2, if | 


\Ne urements of sur 


ture nitrogen 


sorption have 
building stones 


cement Vik 


on crushed limestones 


specimen ol 


hydrated 


Peery rac 


isurements have i 
ind chert 

records Ss concrets 

those 


suriaces had, on the 


sith good and bad service 


wyregautes, Of the materials examined 


with higher internal 


ihverage poorer resistance to treezing at 


thawing than those with lowe: suriance are 
Orthodox reinforced concrete and its anomalies 
n French) 

ovarp, I 


\. ¢ ’ 
pp. 144-144 


Measure of characteristics of solids and of 
soils (in French 
l 


e Ger ( 
1954, pp 


Design of beams of reinforced concrete 
rene h 

\. Coual 

J Lhd 

Cracking of beams of reinforced concrete 
f rene h 

\ Cy ‘ 

Pr | 


Shear under tension or under compression 
f ren h 
( 


[ly 


The 


Ing ol 


series deals primaril 


conerete benms nd cont 


ideas and views 


Phe April 


tween 


Porisie 
irticle discusses differences 


conventional issuInptions in 


mental analysis of reinforced concrete 


the actual conditions which occur 


hi 


pont in 


June article discusses 


stresses ut 


i Tiiiss under various loud conditior 


with relation to the plsare of rupture kor 


mulas are derived for establishing the loc 


tion and direction of cracks and compared 


with ¢ xperiment il results, 
The 


concrete beam in its 


including triaxia 


tests formulas are related to a reir 


forced host SiTtip 


horm 


The July article considers the two princips 


design methods of  conerete beams, the 


elastic method based on a triangular stress 


distribution diagram, and the rupture method 





rectangular diagram 
{| 


dey 


dered i it 


procedure 


ele deseribes nt would 


opment ) Crack ini ment t 
two simple supports product) or to 


‘ 
I 


idspuan 
Ih 


id I 


Mixtures of and con 
cements. 
langes 


stirrup prob 


ol ormation 
et contacts 


discussed 
I. 1) z, A / 
' 


yortih 


! 


W hile 


compatible 


HurMminou 


title 


norma COM pia 


natur ny POZZoO 


tances howe 


ina 


Mcomipa 


ereun 


i fo 


cement 


| 


ii ”" title 


anit 


rete which is in 


Intormiatior 
difference in reactor 


or the cdisinte 7 


Theory of volume changes in hardened port- 
land cement paste during freezing 
Co Sowden Hh / 


suet tructure 


I rT H 


Cracking problem 
buildings 


I 


! ented or 


' 


! 


rit 
) ) 


i) 


data 
ad 


prerarine 
portland eement 
d The 


mech iniistiis 


th ura te 


ithout entrame ill 


tertns of two 


pre 


| sure 


Vater 
drauly 
vhict 
The 
more 


cha 


penod during 


il Increase 


eh thie 


other 


nig either tne 


irae 
vide 
Would the strength grading of ordinary port- _e 
land cement be a contribution to structural 


economy? mu 


yin 


! 


r 


ectur le 


oO cracking 


arehiitect ame 


note 


iuthor 


ii) KO 


empiri 


introduc notes dificult to reduce 


bot 
ed 
argument 

the 


<j 
} 


il 


eover ill pos 


this th 


ind is recommende 


There 


Liab Trent 


Wii ill 


d 


CisCussion 
inti 


that | 
ind cheapest in the 


authors 
| 


srit cements, ¢ ! such as is 


best world. ¢ 


te yreat iriations im strength and it engineers (archites 


Note sur les incompatibilities 


ledy 


tacts between different 


Note on the incompatibilities (Me- 
entre ciments 


) 


differents 


eomentes 


other 


vith 


biatile 


man 
| 


mixtures 


nder 


! iH al 


metallurgient 


for 


t 
it 


in reinforced concrete 


ention 
Crnipe ratcure 


Th Dbhiae 


ure 
| 


uffies 
Phires 


thie 


itures 
rere 
struct 
much 


; 
lo 


ible cuse jor 


abtdiatole 


us particu 


lor all practicing 


d reading 


ts too 
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Flow of moisture in hardened portland cement 
during freezing 
Cin P PieKws 


Hoard, \ 2, if 


\ mathematic 
idealized assumptions 


0 momture between he 


hydrated 


component 
cement paste during freezing 
thawing The considered are 


ind the 


Component 
the vel substance, the « i ildeas pores 
Ireentramed space 

It is shown that 
lor temperature belo 


differences in thermodynamic potent 


twoorn el Viuter: Copiliias vite or i : 
frozen ie the In spree These potential 
rt trom pressure produced ly 


olunne nyges resulting from freezing and 


in part, from: differs por pre 
stare ol ee ind vit on the 
chillerence ho 


v hive hy 


COnTINUMLOUSI 


{ | 
potential 


example, that during freezing, u 


fethiperatire bemyg lowered 


fl from capil then 


Cow Tbs 


brow yer} ipl nea roms 


During thi " flow 


contintuou Irom gel to 


king imto count the 


volume resulting from freezing « 


of ice in the eapillary spaces and the change 


n shrinking o welling tendenc resulting 


from changes in amount of gel water rious 


volume-tinne temperature relations are de 


duced In )) riiculor, it shown that water 


Inovermment ind volume change 1Or 2 Speci 


men depend not only on the present tempera 


ture changes but om the past temperature 


history of the pecrmen 


Structures 


Flexible’ foundation for a turbo-compressor 
n D itch 


experience with many similar structure 


has led to the adoption of a “flexible” 4 1M 
foundation these 


SOOO 


structure for high speed 


rpm) machines Conventional hey 


foundation blocks of a pr cetienlly solid mass 


of conerete often show signs of marked 


resonance In a flexible type of foundation 


structure consisting ol i floor slab on rela 


tively slender columns (preferably of different 


AMERICAN CONCRETE It 


“708 to eliminate another source of resonanes 


the fundamental frequene of the structure 


itself ustualls mains far below th rpm o 


the machine there is ampl hen 


ries Oper { droom rious 


ducts pipes xampl f sue “ful 


flexib foundations 


Rehabilitating a concrete viaduct 
(« rf key 


\ 490 It 


bad 


Eric 


ach ol 


long, curved viaduct in 
terlorated due to 
ulty construction 


{ 
d to 


eoneret 


is condemned, Was returne 
the prepacked 


method 


Queen Elizabeth Il Dock 


/ I ) \ 


Creneral dese ription © 


to Manchester Ship ¢ 
charging erude oil from 30 
Slip forms were used in con 


ind doe 


Alteration and repair of a reinforced concrete 
warehouse 
ws OR 


\ four-stor reinforced  conerete vare 


house constructed in LOL 


completel 


gutted b fire during «air raids in 1O40 
1942 
1950.) Underpinning 
illustrated \ 


didition to an engimecrs 


Superficial repairs in proved to be 


inetlective b md other 


new repalal 


Wo “ 
} rr ] 


slusilole 
notebook ol 


repall 


Vork eX perenne 


Large-scale multistory housing development at 
Mitchem, Surrey 

1). B. Frown, J. Ge 
The BR 


od ¢ 


pp. o7-78 


\ general description of the architectural 


ind engineering design features and = con 


struction procedures for a 276-unit housing 


project of reimforced concrete frame 


eon 


struction 
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Construction of reinforced concrete ferry-berth 
pontoons in the Port of Sydney 
Basic Rower LONCKTS P edin 


Part If, \ Feb 


Anon I 


Mins 


ble experience with exist 


ng pontoons ! units ure ¢ Kpected to have 
it least 40 vear Article 


the Institu 


i tile @NXps tn 


(an abstract of a Mmanuseript in 


tion of Civil Engines library) summarizes 


desigi construction ind launching 


Four-story garage in Dusseldorf 
/ eer (London), V. 197 
5-504 


107, Ne 110, M 
Kk Ib Vo 


Bric 


structure 


deseription of an interesting-appear 
rround SOO 
Floors 


reimtoreed 


ing designed to park 
cars (600 under supervised parking) 
thre 
the « 


the 


nre supported 1) 15 sets of 


concrete columns; the ramps, on xterior 


ol the hung from eanti 
An 
‘I shaped 


entrances 


structure ure 


levered root beams idjacent) 40-room 


hotel supported on concrete 


Irames, spans the main ind exits 


i gasoline station 


of the Puriaige ind 


Largest lift-slab operation provides barracks 
averaging $8 per sq ft 

Engineering News-Record, V. 152, No +b. 25, 1954 
Pp 


Reviewed by S. J. CHAMBERLIN 


The three 1500-man 
the Navy near Norfolk, Va 
area of 215,000 sq ft After the 
20 ft, the 
slabs 

first 


stor barracks for 
has a gross floor 
steel columns 
spaced 22 
floor 
another 
lift slabs 


12 columns on 


were floor 


third 


ol 


second 

rool ist 
the 

measured 53 76 ft 


which the 


ina were ¢ top 
Tricli 


ind 


lifted 


on 


One on floor 
vidual 
took in were 


by hydraulic jacks 


Tallest reinforced concrete chimney in Czecho- 
slovakia (in Czech 

K. Hrupan, Inzenyr 

pp. 2-7 


Work Wiis 
forced 
10) ft 


recently completed on 
with the 
The chimne Wiis 


round reinforced concrete 


re 


concrete chimne 


top edge 


ibove the ground 
well 


The 


chimney 


founded on a 


52.4 ft in diameter ind 32.8 ft deep 


inside diameter of the 


the 


maim 
is 31.2 ft 


is 20.5 ft 


ind inside diameter 


The 


the insulating brick 


Tun 


wall thickness, not including 


layer, varies from 13.8 


to 5.9 in Lavout, de sign, and construction 


methods are deseribed 


KE VIEVV 


Construction of two concrete-lined tunnels for 
the Machkund Hydroelectric Project, South 
India 
Crone 


Interesting description of the constructior 


of the fthume ind pressure tunnels and the 


surge halt Project was Supervise {by onl 


i few Europeans, native labor being sus 


cesstully trained to operate and miaintar the 


modern ¢ quipiment 


Prefabricated units for bin construction (Silo's 
in prefab-elementen) 

cs 

pp 


These 


storuge 


HO-ton bins (lor bull cement 


pret 


long by | ft Sin 


ited 
high of 
vall thiekmne 


vere Dunit) trom bore unit 


6 ft 6 in channel 


CTOSS SO4 with 21H 


tion 


tier of units was tied together b 
which the 
the end ol the 


interlace 


place nbs in reinforcement pro 
truding through 
embedded and 


stresses in the 


units wa 
take 
The 


operating through 


1 to the rng 


bin walls preuriaty 
cement 


t he 


conveying system 


porous bottom of the bin, ealled for 


reconsideration of the tional stem ol 


eonyve 
ce sign loads on the wall 
After 


bins 


considerable research, however thy 


were 


the 


designed lor lo action 


full 


increased 


complete 
the Valls 
the 


the 


over height of with a 1 
loud 
behay 


pin 


percent lowe! 
‘I he h 
the 


pre 


on part 


drostath tor of eement in 


bottom of the When under pneumaty 


ssure, Causes this increased pressure load 


Flotation method of constructing concrete drain- 
age controls in Malayan coastal swamps 

J. ke. We ‘ ree ondo V. 112 »2 
Ih 2 D 


W lackao 


\ 500-miule 
the 


length of fertile constal sw 
Malaya 


miles of #W 


itiip 
Vest const ol 


Ml itl 


been reclaimed in past few year ( 


lorm Irom Sing 


pore to Siam imps have 


oncreté 


drainage control structure ire built) ever 


few niles long the coust to serve is outlet 


of an inland drainage net, and to prevent 


Construction 


thre 


entrance ol 
difficult 


ire several feet 


sen water prob 


lems are becuse control inverts 


below sea level iltnost 


invariably in soft blue mud (Construction 
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seribed detal 


long, 27 | 4 ind the top 
the 


olf one t 
12:5 If 
the uperstructure 
The 


portion in a 


pu il control j in 


itd ol 
j It “at ‘ oun 


dation slab gener il method is to bruild 


the 


floatit into final po 


first convement location 


‘ ‘ 


ind sink | 


booth 


' completion ol the uperstructure 


Cement factory at Bamburi, Kenya 


! 
} to 


| igen 
orced 


founded on 


provided wit! 


iy 
eonmcerete 


dri 


pl ony 


vith remtoreed 


the « conereted after 


The 


precast be 


Tidy isilip ine 
vhart completed ly 
ind deck 


pl we concrete COT eCTLIONS 


hig 
ist-in 


The 
the 


ut lubes wath « 
ind pile caps 
ind 5O tt 


+O tt 


main wWhart i 148 It long w ict : 


lighter whart 598 ft long and wide 


Flat slab floors in a textile storage warehouse 
(Paddestoelvioeren voor tetielmagazynen te 
goor) 


Hoo 
177-184 


Porren, Ceme 


Keviewed by Joun W 


Floors to carry 300 psf live load were found 


more economical in flat slab construction than 


in slab and girder construction mainly hve 


cause of the reduction in reinforcing steel and 


Column was 19.6 


costs 
Alternate 


distribution 


formwork spacing 
nay i 
moment 
efficients (ACT 318-51) 
belief that distribution 
lead the 
latter 


were made by 


by 


Contrary to popul ur 


designs 
and moment co 
alwave 
the 
host 


The 


moment will 
structure, 


the 


to most economiu 
to be 


wis S 


design was found 


structure over 


economu thickness in 
the ware house ure 


The 


the so-culle 1m 


rool 


the barrel type, spanning 53 ft 


rol slab ol 


are Incorporated it 


du 


iracteristics 


tuln “ 


hollow 


eoncrete 


COTAumile 
Considerable weight — re 


ed 


maintaming structural strengt! 


ind impro insulating ch 
obtained 


hireprool requirements 


General 


used in France 


te, 6. kel ~ 


“Elastic” track 
i 4 Age, \ | 


‘ ewe 


one unde 


Fabrication and utilization of pipe of plain and 
reinforced concrete French 


OMpanion volume to (a 
Plain and Reinforced Con 

thre a “ile 
\( JOURNAI 1953, P 


) SS1)) 


tuthors ‘ 


\Niu 


SiLtnie 


the design of concrete mixe the 1 


ol concrete tf 


terial, aggregate, qu ilit 


content, and water-cement ratio 


In 


Varlous 


cement 


covered placing concrete in the py 


described inelude 


Monier, 
centrifugal 


the methods 


original method of use ol 
spun 

The te 

pipe reinforcing covers advantages of ellip 

cal 


machinery 
«tee 


pression, vibration, 


and casting Of pipes in place 


against circular, double reinforcing, 


for fabricating and placing t 


Organization of the factory is discuss 


with diagrams of a typical layout 


The choice of pipe—circular, ovoid, et: 


the thickness, reinforcement, weight, types 


joints, types of support, allowable lox 


ind factory of safety receive attention 


Field 


pipes, 


and laboratory methods of tes 


with a few typical results illus 


trated with several good diagrams Nether 


ot pl icing pipe are described 


The 


itis al deterioration 
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cussed— mechanical, physical, chemical, elec- 


trolytic—in relation to the conservation and 


maintenance Of pipe \ bibliography of 32 
items, all French publications, is included 
This book and the COM panlon volume are 
excellent textbooks on concrete pipe. They 
cover practically all phases of the subject 
The offered that 


there is not enough detail of any one specific 


criticism may perhaps be 


item, but many practicing engineers and 


about all 


contractors say the 
The 
job experience, but the 
“How to 


Siuimne thing 


textbooks books are no substitute for 


title, after all, is not 


build your own pipes and 


siuve 


Mone 


Economy in the use of structural materials 
G. A. Garpnern, R. Morro and L. R. Creasy, The 
‘ nee Londo j Vo. YU, Sept. 1954 


y ©. P. Siess 


Symposium inspired by British government 


encouragement of steel economy Paper by 


Creasy on “Compar itive Forms of Construc 
discusses relative steel and 


tions” contents 


unit costs of various types of structures with 
both steel 
The ady 


maritime 


and reinforced concrete frames 


intages of prestre sed conerete in 


structures are mentioned in the 


paper by Morton 

Cold weather concreting (Beton Herstellung 
Bei Kuehler Witterung und Frost) 

H. Perers, Betonstein-Zeitung (Wiesbader 1” 
N N p. 437 

iewed | Wenner H. Gr 


o. 11, Nov 
MPEHTZ 

In discussing means of protecting concret 
from freezing, the author suggests protection 
until the 


fully dried 


or until the still damp conerete has attained 


Irom trost concrete is 


sufficient strength to withstand the stresses 


set up by freezing of the free water As a 


guide, it is claimed that a fairly wet concrete 
ot 2100 psi 


25 free zing 


withstand about 


The 
listed, 


strength can 


and thawing cycles well 


known means of protection are and 


the usefulness of calcium chloride is all but 


discounted Construction must be 


treated 


joints 


carefully to avoid major cracking, 


concrete 


later 


and overheating of setting May 


Author 
a concrete frozen during the 


thermal 
that 


result in cracking 
points out 
setting process has a better chance of being 


rehabilitated by thawing than a freshly-set 


concrete In the latter case, the 


of the 


moist 


expansion free water during freezing 


usually causes extensive damage 


Standard specifications for the vibration of 

concrete (Richtlijnen voor het trillen van beton) 

Cement (Amseterdan No, 3-4, 1953, pp. B1L-B7 
Reviewed by Joun W. T. Van Ent 


\ set of spe ifications 1s proposed to covet 


the entire field of vibration and mechanical 


compaction ob concrete In an appendix i 


summary is given of the various types of 


tests, the ipparatus 4s 1 therefore und 


Discussion 


fin il 


standards pertaining to these 


ind comment is invited before idoption 


of these standard sy ifications 


Concrete making at low temperature 
PW 
1945, pp 


“CHAKKHOOD Cement Amsterdan 
170-171 
Reviewed | Joun W. T. Va 


\ost important me thods and measures are 


summarized as treated in the late 


\ Kleinlogel’s 
subject 


st reprint of 


book (in German) on this 


Some of the many ports tie ntroned 


ire: (1) Although — the wtual process — of 


hydration is onl SLopype 1 at temperatures 


below freezing, it is imperative to realize 


that the harcde ning of conerete is considerably 


slows 1 at temperatures just ibove freezing 


(2) Stripping of forms and shoring should be 
scheduled 
perature 
heated 
the old 


wcording to the change in tem 


should be fabricated in 
(4) At 


concrete should be 


should ill 


(3) Steel 


spaces eonstruction joints 


ibaorve 


brought 


freezing, as formwork and = rem 


forcing steel 


Winter concreting (Betonstobning om vinteren) 
P. Nenenat, bk. Kaeracs ne \ por Direct 

17, 1954, Danish Natio Building 
Research, Copenhagen, De 
sited english translation 1 


The recommended practice COMprises three 
ippendices Part 


iffect the 


sections plus | factors 


are discussed which qualities of 


materials in the freezing of soils, of green 


concrete, and ol concrete 


during hardening 


Laboratory tests have been applied In estab 


lishing equations representing the progress of 


hydration with time and at varying t npera 


ture Factors which affect concrete tem 


perature and hydration when slender members 


are concreted in cold weather ire ilao ci 


CURSE d 


Part 2 consists of diagrams for determi 


nation of initial concrete temperatures re 


quired to obtain freezing resistance of con 


crete under specified conditions The dia 


grams have been computed for three cases 
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concrete produced with no application ot 


heat to materials, heating of mixing water, 
and heating of mixing water and aggregates 
The diagrams can be used for determining 
the most suitable combination of cement type, 
initial concrete and insulation 
Methods are described for 


during 


temperature, 
for winter work 


determining construction whether 
hvdration has proceeded far enough for the 
This 


temperature relationship is also used in com- 


concrete to resist treezing time 
puting when forms can be stripped 
Construction 
ing «are 
methods and equipme nt used for protecting 


practices in) winter 


Part 3, 


concret 


covered in together with 


the water supply, heating of materials, and 


heating of structures during the curing 


period. The first appendix presents a method 
lor computing the temperature ol the con 
crete mixture from knowing the temperatures 
ol the materials Jased on experience, and 
through application of the equations estab- 
lished, the second appendix gives a diagram 
which shows the types of hollow tile floor 
slabs (based on depth and weight of cor 
that can be under 


crete topping) concreted 


Various temperatures 


Effectiveness of vibration of concrete 


J. M. Prowman, Engineer (London), V. 197, No. S11S 


Feb. 26, 1954, pp. 302-303 
Reviewed by 


Anon L. Minsky 


Accelerometers embedded in concrete vi- 


brated on a vibrating table, such as used in 
plants manufacturing precast units, indicated 
that acceleration of the mix decreases with in- 
creasing distance from the sides and bottom 
Thus vibration of a casting with just enough 
acceleration to compact the sides, top, and 
bottom would result In a casting with a soft 
and badly compacted interior, comparable to 


' Vibrat 
be designed 


‘cuse-hardening”’ in metal elements 


ing equipment should therefore 
sufficient 


of the concrete mass to be thoroughly com 


to have acceleration for all parts 


pacted 
Research reported in this paper is appar 


ently part of a much larger program, and 


reviewer hopes future papers will provide 


answers to such important and intriguing 


problems as the maximum size of precast 


units which can be compacted on a vibrating 
table without danger of overvibrating sur 
face concrete if acceleration is so selected as 


to compact interior concrete thorough! 


AMERICAN CONCRETE 


INSTITUTE 


October 


Hydraulic jacks expand the versatility of slip- 
form concreting 

V ethod 

1953, pp. 64-76 


onatruction 


( 
M ty 


Sliding-form method of continuous p 


of concrete walls with one set of for 


being improved with hydraulic jacks 


being used now for structures of irre 


design, with door and window openings 


large number of jacks can be 


simultaneously through remote 


eontro 


one man. Various projects are show! 


the Coneretor system jack Is explain a 


Mechanical considerations in vibrating con- 
crete (in Spanish) 


ANTONIO ANGULO ALVaReEz, Re 
Madrid), Aug. 1953 


ta De Obr 


AUTHOR'S 5 


The first of six parts deals with the t 


of vibrators including centrifugal, ur 


rectional, andre eiprocating The 


part studies force of 


centrifugal 
vibrators. It includes mathematical formulas 


for determining forces in some practit 


cases; forces depend on dimensions of the 
eccentric weight, angular speed, and the 
density of counterpoise material. The third 
part discusses speed of usual vibrators, their 


frequency range, and methods of messure- 
ment, with special mention to the electroni 


Part JV deals 


pont of a 


stroboscopic recorder 
the kinematics of every 
unit 
tables, 


Special mention is made of \ 
moved by turning and unidirecti 
More efficiency is obtained 


than 


vibrators 


turning with unidirectional vibrato 
In such a case, the trajyectones of any vilbrating 


V 
Also 
tables activated by a 


point are ellipses the case of vibrating 
reciprocating Vibrator 
is studied 

( hapter V is an original study of 


coupled to the same Irame The vi 


motors both rut 


have electric induction 


sume speed, and are synchronized in d 


Vibrators p 


ways for two vibrators, thre¢ | 


at the corners of an equilateral triang! 


Part VI 


vibration su 


Vibrators in line 
with the d 


for three 
namics of 
lations Peetu 


establishing theoretical — re 


Diiaiss weceleration 
luctors The 


is treated 


force, speed and 


study of energy consumptior 


speciall and also its ve 


representation, 





